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CHAPTER 1 
GENERAL INTRODUCTION: 
Spectroscopic studies of polyatomic molecules are very difficult due 
to fact that polyatomic molecules contain many atoms and it is 
complicated to study the combined effect of all the atoms forming a 
polyatomic molecules, unlike a diatomic molecules where the 
situation is simple and straightforward, regarding its vibrational and 
electronic energies. In case of a polyatomic molecule, number of 
vibration depends upon the number of atoms and arrangement of 
atoms in molecule. There are many vibrational energies giving rise 
to many vibrational frequencies. For a non-linear polyatomic 
molecule having N atoms, the number of vibrations will be 3N-6 
where as for linear molecule the number of vibrations will be 3 N-5. 
The vibrational spectra of polyatomic molecules in infrared region 
give the information about the ground state vibrations of the 
polyatomic molecule. These vibrations are helpful in assigning the 
various modes of vibrations as well as the geometry of the molecule. 
These vibrations are responsible for the activity of certain molecule, 
which is present most of the times to obtain the exact behaviour of 
these polyatomic molecules. Vibrations are also responsible to give 
the reason for the importance and structural contribution in a large 
molecule. 
1-1 Classical Theory of the Nature of Normal Vibrations in 
Polyatomic Molecule 
We are considering the vibrational motion, assuming that no rotation 
of the whole molecule takes place. In order to describe the motion of 
the nuclei in a polyatomic molecule we may choose the ordinary 
cartesian coordinates x^. yy, and z^  of each nucleus k referred to a 
fixed coordinate system. If we consider there are N nuclei in a 
polyatomic molecule than there will be 3N-6 vibrational degrees of 
freedom if the polyatomic molecule is non-linear. In case of linear 
molecule there will be 3N-5 vibrational degrees of freedom. The 
number of vibrational degrees of freedom gives the number of 
fundamental vibrational frequencies of the molecule or in other 
words, the number of different "normal" modes of vibration 
1.2 MATHEMATICAL FORMULATIONS- For any particle i"^  
carrying out a simple harmonic motion of frequency v, the 
displacement s, is given by 
S, = Si" COS(27tVt + (|)) ( 1 ) 
s, is the amplitude, t is the time, and (}> a constant 
From (i) we can calculate the acceleration 
d"s, 
a, = = - 47i'^v"s,° cos(27rvt + (f)) 
dt ' 
a, = - 47rS''s, ---(2) 
Therefore, the restoring force under whose action the simple 
harmonic motion is carried out 
F, = m,a, = - 47r^v^s,mi ---(3) 
where mi is the mass of i particle. 
In a system of N particles, such as a molecule, in which every 
particle acts with a certain force on every other one, in equilibrium 
the resultant of all the forces acting on a given particle, say i, is 
zero. If the particle say i, is displaced from its equilibrium position 
by a distance whose components in the direction of the three fixed 
coordinate axes are X|, yj and Z]. there will be a restoring force F . 
which depends upon components of the displacement. 
In the most general case, the components of the forces F^ . F, 
and Fz' can be developed into a power series in Xj, yi and z,. If we 
consider the displacement is sufficiently small only the linear terms 
need be considered. 
Fx ='^xVXi-k,yyi-l^xVZi 
(4) 
Fz = - k , v X l - k , y y i - k ^ : ^ : Z , 
where k^y,k^y are the force constants 
Equations (4) are valid only if all particles except particle 1 
remain in their equilibrium positions. If the other particles are also 
displaced as well, the restoring forces acting on particle 1 will be 
changed. Again assuming that for small displacements 
F^.=k^:^;Xi-k^yyi-k^yZi-k^:^:X2-k^:^.y2-k^:^:Z2- -^^.-^K 
Fy^=kv,:Xi-kyyy,-kyyZi-ky:^:X2-k^:^:y2-kjyZ2- "k^i^wZ^ (5) 
Fz^=^zV'^ i - '^zyyi -kzvZi- '^zvX2-k, , :y2-k ,vZ2- -k,>,NZ^. 
Similar equations are also obtained for the forces acting on the 
other particles. 
Fx' = -kx'x'x. - kx^'yi -kx^'z.-kx^^X2 - K^yi -KW -k^^^z, 
F / = -k/x'x, - k/y'yi -k/Jz,-ky^^X2 - k,\,^y2 -k,Vz2 -k,W^ (6) 
F.^=-k,^"x, - k.^'y. -k.^•z,-k,^^x2 - k,^v2 -kz\^z2 -k,^^^ 
The coefficients ''xV determine how the x component of the 
force on the i'** particle depends upon the y component of the 
displacement of the £^^ particle. 
Assuming that 
which holds for any value of i and i. 
If we assume that all particles in motion with the same frequency 
that is 
Fxi = -47i^v^miXi, Fyi = -47i^v^miyi, ---(8) 
Fzi = -47i^v^miZi 
Using these values in the equations (6) and (5) 
47t\^m,x,= kx'x'x, + kx'yVi + kx'Jz,+ kx'x^X2+ + kx'z^ 'zN 
4 7 1 W , y , = k y ' x ' x , + k y V y i + k y ' j z , + k y ' . ^ X j + - - - k y ' , ' ' z N 
4 u \ ' m , z , = kJx'zi + kjy'yi + k,' , 'z, + k.'.'xs +k,',^ZN (9) 
47i^2m,X2= kx^'x, + kx^.'yi +kx^'z,-k,Vx2 + -kx^^'z^ 
4;i\2mNZN= k.^ 'x, + k.^ 'yi + k ,^ 'z , + k,\2x2 + + k.^^z^ 
These linear and homogeneous equations cannot be solved arbitrary. 
This can be solved only if the determinant of the coefficients is 
equal to zero. Therefore, the certain frequencies are defined by the 
condition 
.2..2. ) I kx X - 471 y - m , kx y 
I 1 
I I 
1 I 
Z X 
2 1 
X X 
I. 1 1 / i ^ 2 , , 2 ^ . 1 1 
Kj y - 47t V m i ky z 
k ' - k ' " 
k ' - k ' ^ 
k ' ' 
k - ' 
k y ' z ' - 4 7 t \ ^ m i k,\'. 1 N 
k.^' k.\^-Aii\^m. k ' / 
'•X Z " X X 
N 1 N 1 kz \ . N 1 , N 2 •^Z 2 "^Z X k , V - 4 T r \ ' m , 
= 0 ...(10) 
The above equation represents simultaneous harmonic motions of all 
particles which is possible in a polyatomic molecule. This 
determinant is of SN'** degree and therefore has 3N roots. Thus in 
principle the frequencies of the normal vibrations may be 
determined. Equation (10) is known as secular determinant, if this 
determinent is solved, this give 3N solutions corresponding to 3N 
molecular vibrational frequencies. 
Potential energy and kinetic Energy. The normal vibrations and 
normal coordinates of a molecule can also be introduced in the 
following way. 
From equation (3) 
T- A 2 2 
hi = - 47t v Simi 
The potential energy 
Vi = -jFidSi 
V i = - | - 4 7 t v SjmjdSj 
2 . . 2 _ =»i V: = 47i"v^m 
Y = + 47i^v^mj jSjdSi 
Vj =27t^v^mjsf 
1 2 
V, = -kiSi 
2 
2 . . 2 Where kj = 47t*v mi is force constant 
The kinetic energy 
-r 1 '2 
Tj = -niiSi 
2 
Therefore, the total energy 
If 2 . 2 
H, = - | kjS, + nijSi 
Hi = Ti +Vi 
The potential energy is to be taken zero at the equilibrium position 
since Sj = 0 
we can also expressed V in the following expression 
V = - l ( k , , , . Xj Xj +k .^,^ ,yi yj +k^,^;Zi Zj)+ l(k^,^, x, y^ +k^.^,x, z^ +k^,^.y, z^) 
Z i . j i,j 
can be easily verified by forming 
av_ £V_ cv av 
ax," ex,' ^ ' ^ ^^l^ich according to the 
definition of the potential energy must be equal to 
-Fxi , -Fx2, .... -Fyi,-Fy2 respectively. 
Let us denote the coordinates Xj, yi, z,, Xj, y2, Z2, .. by q,, qj , q3,q4, 
than potent ial energy may be writ ten as 
1 1 2 1 2 
V = - I k i i q i q . = - k , , q , + - k 2 2 q : + + k,2q,q2 + k , 3 q , q 3 (11) 
2i.j •• 2 2 
The equat ion (11) ho lds as long as the d i s p l a c e m e n t s are smal 
compared to the in te rnuc lea r dis tances where 
k i i = kxixi, k22 = kyiyi , k i 2 = k , 2 , : 
The kinet ic energy 
T42:mi(x? +yf +z?) 
2 i ^ ' 
in terms of new coord ina te s 
T = - I b i j q iq j 
- ij 
where bjj = 0 for i * j and b n = b : : = b33 = mi 
b44 = bss = b66 = m: 
Let us introduce new coordina te rji. ri2. r|3, ri3N 
by means of the l inear equat ions 
[x, = ]q, = CiiTii + C,2ri2 + C i 3 r i 3 -
[yi = ]q2 = C2irii + C22ri2 + C23 ri3 ~ 
[z, = ]q3 = C31 ri, + C32TI2 + C33 r|3 -
qi = Ci, Ti, + Ci2ri2 + Cij Tij + 
Therefore, we can wr i t e V and T to a simpler form 
V = -(XiTlJ + X2n2 + /-iTl,'+ + X 3 N ^ 3 N ) (12) 
and 
' p _ J _ / ' 2 , * 2 , » 2 i * 2 \ 
The ;ii in2( i^^ can^^be sTfowh'fo'be'th^^T^f.ljQ^g ^^ ^j^^ de terminanta l 
equat ion which is ca l led the secular equation of the p rob lem. 
k | , - b,i>. 
•^21 " f'Z 1 ^ 
k3i - b : , ! ^ 
k i 2 - b | 2 X 
k22 - b 2 2 ^ 
k32 - b32?i 
k i 3 - b,3?i 
k23 - b23>^ 
^33 - ^3i^ 
= 0 (13) 
From this we conclude that ky and bjj they are the similar form. 
Now the total energy 
1 1 
It is the sum of 3N mutually independent terms each of which has 
the form of total energy of a simple harmonic oscillator of mass 1. 
Therefore, the motion of the system of N particles may be 
considered as a superposition of 3N independent simple harmonic 
motions in the new coordinates. 
rii = Til' cos(27rVit + cp) 
Where the frequencies Vj are related to the constant Xi by 
Xi = 4n\i^ 
Another secular equation can be written by changing kn and other 
terms like. 
k ' ' 
' ^ Z X 
k ' ' 
k ' ' 
•^y X 
- 4 7 r \ ^ m , kx'y' 
- m,X ky'y' 
kz y - mjX 
k ' ' 
k ' ' 
rvy 2 
k ' ' 
1 2 
X X • 
2 2 
X X • 
1 N 
. 1 N 
^X 7. 
k ' ^ k ' N 
•^y X i^y z 
I 1 
N I 
. 2 1 
<z y 
N 1 
^z y 
, 1 1 
•-x y 
N 1 
kzV- m2>i , 1 N ' ' •z X 
N 2 1 N N , 
K^ 2 " mjvjA 
= 0 (15) 
This secular equation describes the various values of frequencies 
associated with X. The frequency v can be determined with the 
help of the above secular equation. 
1.3 QUANTUM MECHANICAL TREATMENT OF THE 
VIBRATION OF POLY ATOMIC MOLECULE. 
Let us we write Schrodinger equation of a system consisting of N-
particles of coordinates Xj, y; and Zj and masses mj is 
I— 
1 m . 
d^ \\i d^ \\i d^ \\i 
dxt dyf dz 
+ • 
871' (E-V)H/= (1) 
i y 
Where \\) is the wave function, E = total energy and V is the 
potential energy. 
If we replace the coordinates by normal coordinates. Therefore, in 
terms of normal coordinates (1) becomes 
C Ul C \U 
+ — - +. 
; i 2 
C ^1 
^I ^i.- ck 3N ; 
+ - ^ E-^(^l4?+^2^2+^3^3 .+ X34 3N C) 
Where X^ is the roots of the secular equation. 
Let us describe the wave function 
M^i(^i) = M ; , ( ^ , ) \\i2{^i) V| ;3N(^3K) 
IF we divide (2) by (3) we get 
(3) 
1 c ' \)/i 1 5^v)/. 1 a^>3 3N 
V: c^? V2 5^; V3N 5^3N h-
^--(^l^i +'^2\l+'^2^l+ •••^'•-:S\\^ =:' (4) 
The above equation may be resolved into sum of 3N equations 
10 
1 a^H/j 871^  
M/i 5^f 2 
= 0 (5) 
The equation (5) is a wave equation of a simple harmonic oscillator 
of potential energy -^,^? and mass 1 whose coordinate is the 
2 
normal coordinate 5 
Thus the conclusion from the quantum mechanical treatment of 
polyatomic molecule is that, the vibrational motion of the 
polyatomic molecules may be considered as the superposition of 3N 
simple harmonic motions in 3N normal coordinates. 
1.4 VIBRATIONAL ENERGY LEVELS - The energy values of 
harmonic oscillator is given by 
Ei = hvi (Vj + 1/2) 
Where 
V, = — v ^ i is the frequency of vibration and v, is the vibrational 
2n 
quantum number. 
Vi = 0, 1. 2, 
Therefore, the total vibrational energy of the system. 
E (V,, V2, V3 ) = hv, (V, + 1/2) + hV2 (V2 + 1/2) + 
TERM VALUES 
G(V,, V2, V3 ...) = 
E (v,. V2, V3 + ) 
he 
= CO, (v, + 1/2) + C02 (V2 + 1/2) + 
where 
COi 
V , V2 
, CO2 
c c 
-1 
are the classical vibrational 
frequencies in cm 
II 
Let us take 
V , = V2 = V ,= 0 
1 1 1 
G(0,0,0 ) = - a ) , + - { 0 2 + - 0 ) 3 + 
2 2 2 
This is the zero point vibrational energy. 
The term value with respect to zero point vibrational energy is 
Go (V, , V2. V3 . . . . ) = G (V,, V2, V3 ) - G ( 0 . 0 , 0 . . . ) 
= COiVi + CO2V2 + CO3V3 + . . . . 
1.5 VIBRATIONAL EIGEN FUCTIONS - The vibrational eigen 
functions H'i(^i) ^r^ ^^e ordinary harmonic oscillator eigen functions. 
The mathematical form of v|/j (^j) is 
where 
V > ( ^ i ) = N , 
a 
v 2 , ^f HviV«i^ 
N^ = normalization constant 
Hv 'vOti^ i = hermite polynomial of v, degree 
and 
27tV: 
«! = 
Thus the molecule containing N atoms, we get 3N-5 or 3N-6 
vibrational frequencies. It means that vibrational energies are also 
3N-5 or 3N-6. Therefore, the total vibrational eigen functions will be 
3N-5 or 3N-6. It is not very easy to visualize this function. 
Let us assume that only one normal vibration is excited, for example 
V]. The eigen function will be 
a 
V ^ ) 
I \ 
a. 
12 j '^2 
For a moment we put ^i = ^2 " 0 ••• ^ 0 
M^  = M^i(^i) 
It means that v|/ depends upon normal coordinate 4,1- Let us 
draw the curve corresponding to the various eigen function with 
respect to the probability distribution function \\l^|*. These curves 
have been shown in Fig. 1.1. 
Eigen functions and probability distributions of the harmonic 
oscillator for Vj = 0, 1, 2, 3 and 4. The eigen functions are 
represented by broken curves, the probability distribution by the full 
line curves. 
POINT G R O U P - In general molecule has several of the symmetry 
elements. These symmetry elements describe by symmetry 
operations. By combining more and more symmetry aliments, higher 
and higher symmetry are obtained. However, not all combinations of 
symmetry elements are possible, but only certain once. Therefore, a 
possible combination of symmetry operations that leaves at least one 
point unchanged is called a point group. The characteristic of the 
point group is that the product of any two symmetry operations is 
equivalent to one that belongs also to the same combinations i.e. a 
point group is a group in the mathematical sense. 
Cs-Point G r o u p : In Cj Point group there are two types of vibrations 
occur symmetric and asymmetric vibrations. Therefore. Cj-point 
group has only one plane of symmetry. 
Example - NOCl N ^ and orthofluoro ^^r"^ aniline belong to Cs-
Cl ^ ^ 
point group 
13 
r r, } 
A 
n. 
•/ \ / 
xio-
10 -
. ,* 
s -
6 -
4 -
/ \ 
:0' 
-1 
"igure ].] Eigen functions and probabiJit\ 
distributions of the h 
ojmonic 
14 
CHARACTER TABLE - Character table describes a point group having 
various symmetry operations and their effect on the molecular vibrations. 
The character table for Cs-point group is given in table 1.1. 
Table 1.1 
Cs 
A' 
A" 
I 
+ 1 
+ 1 
^ (X, y ) 
+ 1 
- I 
T.. T,. R. 
T.. R.. R, 
Therefore, there are two types of species for Cs-point group, where 
A ' and A " describe the symmetric and asymmetric vibration respectively. 
I represents identity operation and +1 and -1 indicate that symmetric and 
anti-symmetric. In the last column of the character table 1.1 the non-
genuine vibrations, translation in the x, y and z directions (T^. T, & T )^ 
and rotation about the x, y and z axes (R .^ Ry and R^). 
C^v-Point - If a molecule (point group) has two necessary elements of 
symmetry, it is obvious that, there are four different possible symmetry 
types (always assuming that, there are no more than two- fold (axes) which 
may be characterized by ++, -^- - , - + , - - i.e. a vibration (eigen function) 
may be symmetric or antisymmetric with respect to either element of 
symmetry. The character table for C2v-point group is given in table 1.2. 
TABLE 1.2 Symmetry types (species) for the point group C2v 
C2v 
A, 
A2 
B, 
B2 
I 
+ 1 
+ 1 
+ 1 
4-1 
C2(z) 
+ 1 
+ 1 
-1 
-1 
<7v(x.z) 
+ 1 
-1 
+ 1 
-1 
Cfv(v. 2) 
+ 1 
- 1 
- 1 
+ 1 
T. 
R, 
Tx.Rv 
T.,Rv 
Where Aj = totally symmetric vibrations 
A2 = partially symmetric vibrations Bi and B2 corresponds to 
asymmetric vibrations. 
15 
D h^ -Point Group - In the point group Dph with even p. the 
necessary elements of symmetry imply a centre of symmetry I. and 
therefore, the symmetry types which are in the same relation to Dph 
as for odd. are not distinguished by ' and " but by a subscript g or u 
depending on whether they are symmetric or antisymmetric with 
respect to the centre of symmetry. The character table for D(,h point 
group is given in table 1.3. 
Physical significance of Character Table 
Character table describes the symmetric or asymmetric nature of 
vibrations and depending upon the structure of the molecule. The 
number of symmetric and anti-symmetric vibrations are restricted a 
particular molecule describe the particular number of the symmetric 
and asymmetric molecular vibrations. 
It is concluded that if we know that experimentally the number of 
symmetric and asymmetric vibrations, we can identify the symmetr\ 
or the point group through which its belongs. The shape and 
geometry of the polyatomic molecule can be confirm by knowing its 
infrared and Raman spectra which determine the number of 
symmetric and anti-symmetric vibrations of the molecule. 
1.6 VIBRATIONAL Spectra of Benzene and its derivatives. The 
Raman and infrared spectra of benzene have been investigated b\ a 
large number of investigators. The most complete data obtained b> 
Ingold and his cooworkers[2,3] who have also investigated the 
spectrum of C6H6. Benzene belongs to D6h point group. The number 
of vibrations of each species for benzene according to D6h point 
group are as follows: 
• 2a^ ' -a2g ' \u '2b i„ .2b i^ .2b^^ , l€ ,^ , 3e^^, 4e.^ and 2e^ ^ 
16 
D 
ex 
3 
O 
BO 
O 
a. 
E 
E 
m 
'ill 
III 
C/3 
T3 
> 
JZ 
u 
U 
u 
III 
u 
III 
u 
N 
(N 
i »H 
Q 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
< 
1 
1 
1 
1 
1 
1 
+ 
+ 
+ 
+ 
+ 
+ 
3 
< 
a; 
+ 
+ 
+ 
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Vibrations of e2g, Cig and aig types are allowed in Raman spectrum 
and a2u and Ciu types are active in infrared spectrum. As we ha^e in 
benznene there are 12 atoms, therefore, number of normal modes of 
vibrations will be 3N-6 = 3 x 12 - 6 = 36 = 30 
Since benzene is a non-linear molecule. Therefore, there are thirt\ 
normal mode of vibrations in benzene out of which 10 are doubly 
degenerate and 10 are non-degenerate. These 30 normal modes of 
vibrations may further be classified as follows: 
(a) 4 C-H stretching 
(b) 4 C-C stretching 
(c) 2 C-C deformation in-plane 
(d) 2 C-C deformation out-of-plane 
(e) 4 C-H bending in-plane 
(f) 4 C-H bending out-of-plane 
Normal modes of vibrations of benzene are given in the table 1.4 and 
shown in Fig. 1.2 
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Fig. 1.2 Normal modes of vibrations of Benzene 
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Mode of v ibrat ions 
Table 1.4 
Notat ion 
(Herzberg) 
C-H s t re tching 
C-C s t re tching 
C-H bending in-plane 
C-H bending out-of-plane 
C-H s t re tching 
C-C s t re tching 
C-H bending out-of-plane 
C-C deformation out-of-plane 
C-C s t re tching 
C-H bending in-plane 
C-H bending out-of-plane 
C-H st re tching 
C-C s t re tching 
C-H bending in-plane 
C-H s t re tching 
C-C s t re tching 
C-H bending in-plane 
C-C deformation in-plane 
C-H bending out-of-plane 
C-C deformation out-of-plane 
Vl 
V2 
V3 
V4 
V5 
V6 
V7 
Vg 
V9 
VlO 
V l l 
V , 2 
V l 3 
V l 4 
V l 5 
V16 
V , 7 
V18 
V , 9 
V20 
S p e c i e s 
aio 
; a2g 
a2u 
biu 
biu 
b2g 
b2g 
b2u 
b2u 
eig 
eiu 
eiu 
eiu 
eag 
e2u 
e2u 
e2g 
e2u 
e2u 
Frequencies 
in cm"' 
3061 
991 
1340 
671 
3060 
1010 
995 
703 
1310 
1152 
849 
3099 
1485 
1036 
3047 
1585 
1178 
606 
975 
405 
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In the case of substituted benzenes the symmetry of the molecules are 
lowered due to substituents. Vibrational spectra of substituted 
benzenes were studied by many workers [4,5]. Most of the derivatives 
of benzene can be placed under two symmetry groups C:v and C .^ The 
lower symmetries applicable to the molecule are the results of 
lowering of the high symmetry D(,^ by substitution. Vibrational 
spectra of substituted benzenes were also studied by other workers 8-
11. Vibrational study of benzoic acid has been done by [8]. 
Selection Rules for infra-red spectrum - Only those molecules give 
the infra-red spectrum which have permanent dipole moment. The 
dipole moment of the molecule is represented in wave mechanics, by 
the matrix formed from the integrals. 
Where M is a vector with components 
iH'nVmMdx (1) 
Mx = ZciXi, My = Lciyi, Mz = XciZj 
Where Cj = charge of particle i having coordinates Xi. yj and z,. \^n 
and vj/m are the time dependent eigen functions of system in two 
states n and m, that is 
27:1 
. E„ 
M^n = M > n e 
2jti ^E ^ 
H'm =^m^ [ f^ ) 
Wm=¥me 
The asterisk indicating that the complex conjugating quantities. The 
diagoal elements of the matrix ie. integral (1) with n =m, represent 
the permanent dipole moment in the states. The off diagonal matrix 
elements (n^tm) correspond to the transition from the states n to 
states m since they have the time factor 27ti £„-£„ h 
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The transition probability is proportional to the square of the time 
independent factor of equation (1) i.e. the square of the time 
independent of (1). that is to the square of 
M ]nm . , 
= J n ' n H ' n i M d x 
(2) 
Let us consider the transition between two vibrational levels v' and 
v" of the molecule produced by dipole radiation. Here v' and v" stand 
for the set of vibrational quantum numbers v,'. VT". V3' and v,", 
V2", V3" .... of the upper and lower state respectively. This is good 
approximation that the total eigen function is the product of an 
electronic, a vibrational and a rotational eigen function. 
vj; = v|;e vj/vH^ r (3) 
Since for the pure vibrational spectrum the electronic and rotational 
state remains unchanged, \\ie and v|/r simply give a constant factor in 
(3) so that we conclude that the vibrational transition probability is 
proportional to the square of 
[ M ] = JV|;,,.V|/*„ M d i (4) 
Where vj/v' and \\i," are the vibrational eigen functions of the upper 
and lower state respectively. [M]"^^ is also called the transition 
moment of the transition v'<-^v". 
Vibrational selection rules exist only when the molecule under 
consideration has elements of symmetry. In that case, it is clear that 
the integral in (4) can be different from zero for certain transition 
(that is, that this transition is an allowed one) only when at least one 
of the components of the integrand VJ/V'H/V" M remains unchanged for 
any of the symmetry operations permitted by the symmetry of the 
molecule in its equilibrium position or in other words when at least 
one of the quantities 
v|/v'H/^ "Mx, H/v'H/v-My, M'v'^ v-M, is totally symmetric. This in the 
general vibrational selection rule for the infrared spectrum. 
1.7 Laser Raman Spectroscopy 
Nou a days Raman Spectroscopy of molecules has been totally 
revived with the help of the laser sources. We get Raman spectrum 
with high intensity and the back ground continuum is absent due to 
the high intensity and high monochromaticity associated with the 
laser sources. The time taken in recording the Raman spectrum 
becomes very small due to high intens laser source as well as the 
dissociation of the molecule is also avoided due to small amount of 
exposure time in recording the Raman spectrum. Laser Raman 
spectra of polyatomic molecules confirm the occurrence of different 
molecular vibrations observed in the infrared spectra of molecules. 
The absence of some particular molecular vibration in laser Raman 
spectrum indicates that the prohibition of that vibration due to the 
selection rule followed in Raman spectrum. 
Selection Rules for the Raman spectrum. 
In order to get a fundamental frequency as a shift in the Raman 
spectrum the amplitude of the induced dipole moment by the incident 
radiation must change during the vibration of the molecule. 
The magnitude of the induced dipole moment is given by 
l^ = a|E| (1) 
where E is the electric vector of the incident radiation of frequency 
v and a the polarizability. 
The relation (1) holds for any direction of the applied field, but the 
polarizability is not the same for different directions o and in 
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general P and E have different directions. Therefore, the x 
component Px of P depends in general not only on the x component 
of E but also on the y and z components, that is, we have 
Px = a^x E, + ttxyEv + axzE^ 
and similarly 
P y = ttyxEx + a y y E y + ttyzE^ ( 2 ) 
Pz = ttzxEx ^ ttzyEy + a„Ez 
Where x, y and z are the axes of a coordinate system fixed in the 
molecule, since we are assuming that no rotation, fixed in space. The 
ttxx, otxy, are constant independent of the direction o f '^and 
- > — • 
P . They are called components of the polarizability tensor a . 
The intensity of scattered light depends on the induced dipole 
moment P which is represented by the matrix formed from the 
integrals. 
JM7„P*V ,^dT (3) 
Where i|/n and vj/m are the time dependent eigen functions of the 
system in two states n and m, that is. 
M ^ n = M ^ n S 
2iti 
fr: \ 
V h y 
M^m= H'me 
27ii ^E ^ 
The time independent part of (3) 
1 
(^5) 
Where P° is the amplitude of P 
24 
The intensity of Raman transition n<->m is proportional to the square 
of [P"]"'". 
From (4) and (2) we get 
= E,° j a , , V|/„\J;; dx + E° l a , , H/„H'*m dt + E,°|a„ H/„V|/; dx (5) 
= E,°ja,j.v|/„V)/;dT+E°jay,v|/,vi'mdT + Ejlay,v)/„H/;dT (6) 
= E°Ja,,v|/„Vj;;dT+E°jay,v/„v|/;dT + E°ja^v|;„v|/;dT (7) 
Where E°, E° and E° are the components of the amplitude of the 
incident wave and the integrals 
a. = iaxxH>nH'mdT,[a,.y] =|a„\|/,H/;dT. (8) 
are the matrix element of the six components of the polarizability 
tensor. 
The diagonal matrix elements (n = m) of a and P^ correspond to 
Rayleigh scattering, the off diagonal elements to Raman scattering. 
According to (5) a Raman transition n<-^ m is allowed if at least one 
[ •inm r is different from zero. 
For the vibrational Raman spectrum if v);,' and \\iy" are vibrational 
eigen functions of the upper and lower states. 
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A Raman transition between two vibrational level v' and v" is 
allowed if atleast one of the six products 
axxH'v'M^v"*, axyM v^-vi'v"* 
is totally symmetrical, that is, remains unchanged for all symmetry 
operations permitted by the symmetry of the molecule. 
Similarly to infrared selection rule, the Raman selection rule may 
also be stated in the following way: A Raman transition between two 
vibrational levels v' and v" is allowed if the product vj/vM'v" has the 
same species atleast one of the six components a^x- o.xy, of the 
polarizability tensor. 
The Raman process is a light scattering phenomenon first predicted 
from theoretical considerations by A. Smekal in 1923. In 1928 C.V. 
Raman examined the light scattered by dense media, and discovered 
the effect later named after him. The process may be the described as 
follows. If a sample is irradiated with monochromatic radiation from 
a high-powered mercury discharge lamp, it is found that the incident 
radiation is weakly scattered. This scattering is caused by dust 
particles or inhomogenities in the medium (Tyndall scattering) and 
to a weaker extent by the polarizability of the medium (Rayleigh 
scattering). Both process cause the radiation to be scattered at the 
same frequency as that of the source. In addition to this processes, a 
third form of scattering occurs at frequencies different from that of 
source, and this phenomenon is the Raman scattering. In the case of 
liquid chlorine irradiated with mercury light at 5461 A°, analysis of 
the scattered light with a spectrograph would show three lines at 
5300, 5461 and 5632A°. The intensity ratios were roughly 1:1000:2, 
that is the radiation to the red side of the source line is stronger than 
that to the blue side. Conversion of these wavelengths to frequencies 
reveals that the two weak Raman lines are symmetrically placed 
a 
vibration frequency of the chlorine molecule [6] 
bout the source line at +556 and -556 cm"' respectively i.e at the 
Therefore, the important quantity in Raman spectroscopy is the 
frequency shift rather than the absolute frequency of the scattered 
radiation. The intensity of Raman line approximately 10"^  intensity 
of source. Raman spectroscopy got off to a very good start 
immediately after its discovery. By 1939 it was very well established 
as the most important and practical method for obtaining information 
on rotational and vibrational transitions. However, it was clear by 
this time that major practical problems were severely limiting the 
versality of Raman spectroscopy. If the sample is coloured, it tends 
to absorb rather than scatter the radiation. It it is even weakly 
fluorescent, the emission from this effect will 'swamp' the much 
weaker Raman bands. Finally, turbidity, dust particles: 
inhomogenities or other optical imperfections in the specimen tend 
to make the intensity of source line in the spectrum so high relative 
to the Raman lines. 
Although vibrational or rotational states are generally involved, 
electronic states have also been examined by Raman spectroscopy. 
However, it is important to distinguish Raman scattering from 
fluorescence. In the fluorescence, resonant absorption occurs but is 
followed, after a measurable (10"^ sec) life time of the excited state 
by resonant emission involving either the same lower state 
(resonance fluorescence) or a different one. Raman scattering and 
fluorescence are frequently difficult to separate experimentally. In 
theory also the distinction is not so clear-cut as might be supposed. 
Conventionally a Raman process is one in which life time of the 
excited state is of the order of 10''^ sec. Fluorescence occurs after a 
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more definite occupancy (perhaps about 10"' sec) of a particular 
excited state. 
1.8 Some salient features of electronic spectra The present 
dissertation contains the work on electronic absorption spectra of 
polyatomic molecules. Therefore, some salient features of the 
electronic spectra are given -
The electronic spectra of polyatomic molecules give the information 
about the various electronic states and their rotational and 
vibrational energy levels. Electronic absorption spectra of the most 
saturated organic compounds occur in the far ultraviolet region, that 
is. at wave lengths shorter than 2000 A°. Absorption occurring in the 
near ultraviolet region wave length 2000-4000 A° region are mostly 
due to unsaturated compounds. Every electronic state of polyatomic 
molecule is characterized by a potential surface. There may be large 
differences in the shape of these potential surfaces for different 
electronic states. It the potential surface has no minimum the 
electronic state is said to be unstable, if the potential surface has at 
least one minimum. The electronic state is said to be stable. The 
electronic spectra of stable polyatomic molecules give the 
information about the rotational and vibrational levels of the 
electronic ground state, electronic structure of these molecules, 
geometrical structure in excited electronic state and about their 
ionization potentials, dissociation energies etc. For unstable 
polyatomic molecules (free radicals) for which infrared and Raman 
spectra are not obtained, the study of electronic spectra of these 
molecules is only the source of information about the rotational and 
vibrational structure of the ground state and geometrical structure in 
this state. 
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Most electronic spectra of polyatomic molecules have been studied 
in absorption. For a number of molecules that the linear in their 
ground states, excited state have been found in which they are bend 
and conversely for some molecules which are bend in the ground 
states exist in that they are linear. The nuclei in a polyatomic 
molecule are held together by the electrons. Depending upon the 
quantum numbers of the electrons, we have different electronic 
states of the molecule. The total energy of the molecule consists of 
potential and kinetic energies of the electrons and the potential and 
kinetic energies of the nuclei, if we neglect spin and magnetic 
interactions. If we assume that nuclei to be fixed, the electronic 
energy (the sum of potential and kinetic energy) will have a constant 
value, but this energy value will change if we change the positions 
of the nuclei. 
As we know that the mass of the electrons is very small in compared 
to that of nuclei. When the nuclei are no longer fixed, assumes the 
value corresponding to the momentary positions of the nuclei. Thus 
in order to change the positions of the nuclei, not only must work be 
done against the coulomb repulsion of the nuclei, but also the work 
must be done for the necessary change of the electronic energy. In 
other words, the sum of the electronic energy and the coulomb 
potential energy under whose influence the nuclei carryout their 
vibrations. In a polyatomic molecule with N nuclei, there will be 3N-
6 (or, for linear molecule, 3N-5) relative to coordinates which will 
describe completely the motions of the nuclei. Therefore, the 
potential energy under which the nuclei move in a given electronic 
state can be represented by 3N-6 (or 3N-5) dimensional hyper 
surface in a 3N-5 or (3N-4) dimensional space. In general the 
potential minima of different electronic states occur at different 
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values of the internuclear distances because the symmetry of the 
molecule is different in different electronic states. 
1.9 TOTAL ENERGY AND ELECTRONIC EIGEN FUNCTION-
We have in wave mechanics the total energy is constant and it is 
represented by the Schrodinger equation 
HH/ = E\\i (U 
Where v|/ is the wave function and H is the Hamiltonian operator 
H = T + V 
V is the potential energy and T is the kinetic energy, given b> 
T = ^ I p f 4 l - ^ 
2m 
C I 
2 k M k 
Where the first term is the kinetic energy of the electrons (mass m). 
the second term that of the nuclei (mass Mk). 
If we replace linear monenta pi and p^ by the corresponding 
operators then (1) can be written as 
m 1 
/ - 2 7 ^ 
c " \i/ c \iJ d \if 
Z. + 21 + T. 
yC-X-
7 d'yf dhf + Z-
/' -^ - - A 
R Mk 2.,2 - j 2 , 2 d'H d'yi 5'< 
8 7 f 
J 
on / \ 
+ E - V U / = 0 (3) 
h ^ ' 
Where x\, yj and Zj are the coordinates of the electrons and x^. \\ and 
Zk those of the nuclei. 
The potential energy V is the sum of an electronic and nuclear 
contribution of polyatomic molecule 
V = Ve + Vn (4) 
Where Ve includes the mutual potential energy of the electrons as 
well as the potential energy of the electrons with respect to the 
nuclei and 
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Vn = the mutual potential energy of the nuclei in polyatomic 
molecule. In a first approximation the solution of (3) can be written 
as 
\\l = IVe ( • • • • X i , y i , Z, . . . ) M/vr ( • • • •Xk. y\. Zk • • • ) ( 5 ) 
v|/e and v|/vr are solutions of the equations 
f'" V e . ^^M^e . ^^M^e 
;52 2 2 . . 2 + -
5^ y.^  ;?2,2 
+ 
871-
• ( E - V ) H ' e = 0 (6) 
and 
k M 
+ 
5^yk 5'zk J 
8 i f 
+ - ( E - V ) V | / , , = 0 (7) 
respectively 
since (5) is an approximate solution, if we substitute in (3), (6) and 
(7) are taken into account, one finds that (3) is satisfied only if 
^ 2 
k M 
dy\l, g ^ v r , ^M^e ^n^vr , ^ H^  e ^ ¥ vr 
9Xk d\y. dy^ dy'k dzy 5zk 
+ Vvr 
5^ H^ e ^ . ^ l ^ ^ £ l ^ 
I SK 5yl cz V. J 
can be neglected, that is if the variation of vj/g with the nuclear 
coordinates is sufficiently low, so that its first and second 
derivatives can be neglected. This is also satisfied by Born and 
oppenheimer approximation. The equation (6) for \\ig is the 
Schrodinger equation of the electrons moving in the field of the 
fixed nuclei and having a potential energy Vg (which is a function of 
the electronic coordinates Xj, yj and Zj). Therefor for different 
nuclear position, Vg is different, and therefore, the eigen functions 
H/e and eigen values E '^*'^  of this equation depend on the nuclear 
coordinates. The equation (7) describes the Schrodinger equation of 
the nuclei moving under the action of potential E^'^'' + V^ 
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Electronic Transitions- A transition from a lower electronic state of 
a molecule to a higher electronic state can be regarded as a 
promotion of one or more electrons from an occupied molecular 
orbitals (MO) to a higher energy unoccupied molecular orbital. 
Following figure shows schematically the various types of electronic 
transitions in a molecules. In general, bonding n orbitals have higher 
energies than bonding a orbitals and antibonding n orbitals {n* 
orbitals) have lower energies that anti bonding (o* orbitals). The 
absorptions due to electronic transitions from bonding a orbitals to 
antibonding a orbitals (a - a* transitions) usually occur in the far 
ultraviolet region, and absorptions due to electronic transitions from 
bonding n orbitals to antibonding n orbitals (TI-TI* transitions) 
usually occur at longer wave lengths, mostly in the near ultraviolet 
and visible region. 
In compounds having non bonding lone-pair electrons, the non 
bonding orbitals (n-orbitals) may have higher energy than bonding n 
orbitals. The absorption bands arising from electronic transitions 
from non-bonding orbitals to antibonding n orbitals (n-n*) 
transitions usually occur in the near ultraviolet and visible region. 
Some of the absorption bands due to electronic transitions from non 
bonding orbitals to antibonding o orbitals (n-a*) transitions occur at 
about 2000 A° or longer wave lengths. The a orbitals are considered 
to be localized on the respective bonds, and hence a orbitals are 
considered to be localized on the respective bonds, and hence o-a* 
transitions are not characteristic of the overall structure of the 
molecule, but are rather properties of the respective bonds. On the 
other hand the n orbitals are delocalized over the whole conjugated 
system of the molecule, and hence the electronic transitions 
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involving n orbitals are sensitive to changes in the geometry of the 
conjugated system. 
Allowed electronic transitions and forbidden transitions 
Allowed electronic transitions give rise to the most intense 
absorption spectra of polyatomic molecules and forbidden electronic 
transitions to occur weakly and these are more important for 
polyatomic molecules that for the diatomic molecules. 
Allowed electronic Transitions - We consider an electronic transition 
as allowed if it can occur for fixed nuclei. Let vj/g' and vj/g be the 
electronic eigen functions of the upper and lower state respectively 
of an electronic transition, and assuming both states are non-
degenerate. This transition will be allowed if and only if the matrix 
element 
R , , „ = {"¥* M 4 ^ e " d t e C) 
e e J e e 
is different from zero where M is the dipole moment vector 
whose components are ZeiXj. Seiyj and ZeiZj . In other words an 
electronic transition between non degenerate states is allowed if the 
product 
is totally symmetric for at least one orientation of M. 
In equation (1) we have not considered the interaction of vibration or 
rotation with the electronic motion. 
If one or both states are degenerate than product in (2) will in 
general not be totally symmetric even for an allowed transition, but 
if the transition is allowed, linear combinations of the mutually 
degenerate eigen functions and of the dipole moment components 
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that are transformed into one another which make the product totally 
symmetrical. Thus the general rule is exactly the same as for infra 
red spectra except that the vibrational eigen functions have to be 
replaced by the electronic eigen functions.. 
The selection rule (1) implies only for fixed nuclei. Actually the 
nuclei are not fixed and therefore we must consider the total eigen 
function which include the nuclear coordinates. Neglecting the 
rotational motion. The total eigen function 
M^ . H^ ev (q, Q) M'N ( Q ) (3) 
where q stands for all the electronic coordinates and Q for all the 
nuclear coordinates .Let us resolve the electric dipole moment in 
two parts, one due to the electrons, the other due to the nuclei. 
M = Me + Mn 
The transition moment is given by 
= iv|/;:(M, + M„)v,/;; dx , , 
= Jv|/;, v|/^ ,,. dT,,. jvi/;* M, H/ dT„. + 
h l ' ^ n ^ l ,•' d X e v l v J ' v H / ; ' d T , 
We have j\\i'^* \\i'^ dx, = 0 
(4) 
(5) 
(6) 
since the electronic eigen functions for a given position Q of the 
nuclei are mutually orthogonal. Therefore, (5) can be written as 
Re'Ve"v" = / M ^ V ' M ^ V " d x , J v | / ; ; M , l i / ; ' d x , . 
The second integral in above equation 
Re'e"(Q)=/M^r(q,Q)M,H/;' (q ,Q)dx, , 
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is the matrix element of the electric dipole moment for a given 
nuclear configuration Q, it varies only slightly with Q 
1.10 Electronic spectra of benzene and its derivatives The 
electronic spectra of benzene and its derivatives have been studied 
by several workers [13-16]. Friedel [13], in 1951 has reported the 
complete analysis of electronic spectrum of benzene. 
Benzene is a highly symmetrical compound of point group D6h. In 
benzene each carbon atom is joined by two other carbon atoms and a 
hydrogen atom by o bonds involving the three sp ' hybrid orbitals of 
trigonal available for MO formation. Since a total of six p„ orbital is 
available, six MO's are possible the ground state of benzene has the 
electronic configuration \\ii^\\i2^H'3'^ or e"iu e^g. and since all orbitals 
are completely filled, the electronic state is a singlet and belongs to 
the totally symmetric species 'Aig. The configuration v|;i^V|/2%'3'. 
together with the degeneracies of v|/2 and 11/3, \\i4 and \\JS suggests that 
four low energy excitation should be possible with the same energy 
leading to the excited configurations: 
\\i\^\\i2^\\i3^)A, H'l^ M^zVs M^ 5, H/|^ V|;2Vi/3^  Hi^. ^]^^2^3^ M^4 all of which can 
be represented by Ciu^ Cig^ e2u- This configuration gives rise to three 
states of species, Biu, B2u and Eiu respectively, all of which are 
ungerade. since each arises from the multiplication of three gerade 
functions and one ungerade function, thus, there are three absorption 
bands, 'B2u<-'Aig, ' A i g ^ ' B i u and E)u<-'Aig[13]. The longest wave 
length band in the spectrum of benzene occurs at 2560 A° which 
corresponds to a forbidden transition. Analysis of vibrational 
structure of 2560 A° band suggest that it is the 'B2u<-'Aig transition 
which is Piatt's notation is called 'Lb <- ' A . The 2000 A° band 
almost certainly is 'B|u<- 'A,g (ILa < - ' A ) and the 1800 A° band is 
Eiu <- A|g ( B < - ' A ) . Of all the substituted benzenes, only those 
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hexasubstituted with six identical highly symmetrical substituents 
belong to the same point group. 1,3,5-Trisubstituted derivatives 
C6H3R3, also have quite high symmetry, Dsh if the R are taken as 
atoms or pseudo atoms. Para-Disubstituted derivatives C6H4R2 
belong to D2h, while most other substituted derivatives of benzene 
belong to the relatively lower point groups Cs and C2V. 
Inspite of these large changes in symmetry the spectroscopic 
behavior of substituted benzenes is largely uniform and greately 
resembles that of the parent compound. Thus in benzenes substituted 
by auxochromes, been usually find the 2560A° band ( B2u<- Aig, La 
< - ' A ) of the parent compounds and the shorter wave length bands at 
2030 A° and 1850 A° in benzene. These bands of course shifted by 
the substitution. Thus substitution in benzene does not usually 
produce great changes or new band in the spectra, but only modifies 
the spectrum of the parent compound. Therefore, the spectrum of 
benzene is said to be the perturbed by the introduction of 
substituents. Since the 'B2U <-'Aig, 'Lb < - ' A in benzene is forbidden 
and is observed only because of the vibrational interaction, the 0->0 
transition is not observed. In case of substituted compounds in 
corresponding band is no longer strictly forbidden, and a rather 
different distribution of intensity among the vibrational levels may 
be expected i.e the 0-> 0 transition will be observed. 
The interpretation of the spectrum of iodobenzene is more 
complicated than that of the other halobenzenes since as we know 
that the iodine is a heaviest atom. It was generally assumed that the 
2260 A° and is the shifted first primary band of benzene. The iodo 
benzene [14] has another high intensity short wave length band at 
2070 A°. The band at 2260 A° may be due to iodine absorption, and 
hence the spectrum of iodobenzene consists of the superposition of 
iodide absorption on that of a slightly benzene is that it has maxima 
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altered at 2070 A° and at 2260 A°, there is an additional intensity 
band at 2570 A°. When a group is attached to benzene through an 
atom having lone pair of electrons, such as N, O and S, the 
substituents perturbs the ring by both the resonance and the 
inductive effects. The inductive effect in the ease of ethylene, 
affects the ground and excited states about equally and in the same 
direction, and so the inductive effect of the substituent produces 
little change in the position and intensity of the benzene bands. 
However, an atom with a lone pair of electrons can donate these 
electrons to the ring, and this resonance does shift the position of 
benzene bands. Alkyl substitution intensifies and shift the benzene 
spectrum to longer wavelength and in this respect alkyl groups are 
similar to groups with lone-pair electrons. Of all the alkyl groups. 
methyl causes the greatest wavelength shift and intensification. As 
the hydrogens in the methyl group are replaced by alkyl groups, the 
bathochromic effect decreases. 
As the substituent becomes more complex, the spectra loss structure 
and become more diffuse, due to the greater possibility for 
conversion of the electronic energy of the ring to vibrational energy 
in the substituents. The result is broadening of the band, since the 
width of an energy state is inversely proportional to the life time of 
the state, the shorter the life time, the wider the band. 
The trisubstituted benzene spectra are reported by Doub and 
Vandenbelt [15] who determined the spectra of substituted benzenes 
of type 1. 
X 
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Where only one of the groups x, y and z was electron attracting (i.e. 
meta directing). The spectra are best understood in terms of the 
constituent disubstituted compounds. These permutations are shown 
below based on formula. 
X ^ V X 
Thus for example, the spectrum of 2,4-dihydroxy benzoic acid is best 
discussed in terms of 2-hydroxy benzoic acid, 1,3-dihydroxy benzene 
and 4-hydroxy benzoic acid. 
COOH 
OH 
COOH COOH 
OH 
OH 
In salicylic acid, the secondary band of benzene is displaced from 
2560 A" to 3030 A°, while the 2030 A° band is displaced to 2370A°. 
In para isomer, the secondary band is only an inflection at about 
2730 A°, but the primary band is shifted to 2550 A°. The spectrum of 
trisubstituted compound contains the most shifted bands of the 
constituents disubstituted compounds. 
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CHAPTER 2 
FTIR and Laser Raman Spectra of Steroids 
2.1 INTRODUCTION 
The steroids form a group of structurally related compounds 
which are widely distributed in animals and plants. Steroids, like the 
proteins, peptides and amino acids, constitute another group of 
substances of extreme biological importance. These are very 
important drugs and are used in the respiration and heart problems. 
These drugs increase the flow of blood and enhance the stability of 
the body. We have recorded the FTIR and Laser Raman spectra of 
Sp-Tosyl cholest-5-ene and 3P-hydroxy-5P methyl-19-nor. stigmast 
9(10)-en-6a-ol. Infrared bands are very sharp and well defined. Most 
of the prominent vibrations of steroids have been assigned to various 
fundamentals and combinations. The symmetry of the molecules have 
been considered as Cg point group. In this point group there will be 
only two types of vibrations i.e. planar (a ) and non-planar (a ). We 
have also recorded the FTIR spectra of above mentioned steroids in 
methanol and chloroform respectively in the region 400 - 4000 cm' . 
We have observed the shift in frequencies due to solvent effect. 
Since the vibrational spectrum of a molecule is affected by 
environmental factors and consequently the changes in the shape. 
frequency and intensity of bands are observed. 
2.2 EXPERIMENTAL PROCEDURE 
The steroids (i) 3P-Tosyl cholest-5-ene and (ii) 3p-hydroxy-5p-
methyl-19-nor.stigmast9(10)-en-6a-oi were obtained from Steroidal 
Research laboratory. Department of Chemistry, A.M.U., Aligarh and 
were used as such. 
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We have recorded the FTIR spectra of above mentioned steroids in the 
region 400 to 4000 cm'' on Perkin Elmer FTIR spectrophotometer in 
Chemistry Department of Delhi University, Delhi and Stoke's Laser 
Raman spectra as well as anti-Stoke's Laser Raman spectra in M.N. 
Shaha, Spectroscopy lab of Allahabad University's, Physics Department. 
Allahabad. We used source of excitation 4880 A° blue line of Argon ion 
laser. We have also recorded the FTIR spectra of above steroids in 
methanol and chloroform respectively in the region 400 to 4000 cm' on 
Perkin Elmer spectrophotometer in USIC, University of Delhi. The 
traces of spectra are produced in Fig. 2.1-2.9. 
2.2(a) FTIR-SPECTROPHOTOMETER The FTIR spectrophoto-
meter consists of four compartments, the interferometer 
compartment, the sample compartment, the detector compartment, 
and electronic compartment. 
This spectrometer is approximately 430 mm wide, 330 mm deep and 
290 mm high. The weight of the spectrometer is 20 kg. In this 
spectrometer the power consumption is about 40W. 
2.2(a).1 THE INTERFEROMETER COMPARTMENT The 
interferometer compartment is 1.5 mm wide and is situated on the left 
side of the spectrometer. The radiation from the source is collected by 
a 90° off-axis parabola and directed in to the interferometer this unique 
patented interferometer splits the radiation beam, modulates the 
intensity of all frequencies and then the combines the beams. The beam 
splitter inside the spectrometer separates the radiation beam in to two 
beams of nearly equal intensity. On of the beam is reflected from the 
beam splitter to a block of mirrors and then back to the beam splitter. 
The other beam is transmitted through the beam splitter to a moving 
mirror, then to a block of mirrors and back to the beam splitter, where 
the beam recombines. 
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Fig. 2.2(a). 1 FTIR Interferometer Compartment. 
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In the Figure 2.2(a). 1 FTIR Interferometer compartment we have 
shown 1, 2, 3, up to 11. These numbers are indicated as below 
1-He-Ne Laser, 2-AdjustabIe laser mirror 3-Desiccant 4-Off axis 
paraboloid 5-Scanning interferometer, 6-Purge cover. 7-lR source, 8-
Block of mirrors, 9-Beam splitter, lO-Laser fringe detector. 11-
Alignment screws. Figure 2.2(a). 1 for FTIR Interferometer 
Compartment. 
2.2(a).2 THE SAMPLE COMPARTMENT The sample compartment 
is 200 mm wide, 290 mm deep and 255 mm high. The entrance and 
exit beam to the sample compartment is sealed with a coated KBr 
window. The optical axis of the beam is 63.5 mm above the base 
plate, 165 mm above the bottom, 103 mm from the back, wall of the 
compartment and 90 mm below the cover. The beam is focused to a 
10 mm spot, 100 mm from both sides walls of the sample chamber. 
The removable base plate may be used for placing special sample 
cells into the beam. After passing through the sample the radiation is 
refocussed with an off-axis ellipsoid mirror onto the detector. The 
sample compartment is equiped with a sample holder accepts slide-
mounted samples. In order to insert a sample simply slide the sample 
into the sample holder. The same instruction is valid for installing 
all slide-mounted sampling accessories. Figure 2.2(a).2 for the 
sample compartment 
2.2(a).3 DETECTOR COMPARTMENT A Detector compart-ment 
is situated on the right hand side of the instrument. It contains an 
off-axis ellipsoidal mirror and a radiation detector. The detector 
compartment can be purged using dry nitrogen by way of a purge 
connector at the rear of the spectrometer. In the other words the 
detector compartment can be claimed using dry nitrogen by of a 
cleaner connector at the back part of the spectrometer. 
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Fig. 2.2(a).2 Sample compartment. 
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The detectors supplied with the Interspec 2020 spectrometers 
are room temperature pyroelectric deuterated triglycine sulfate 
(DTGS)) as standard with optional LN2 cooled mercury cadmium 
telluride (MCT). The MCT detector used with IR instrument has been 
designed to maintain the compact features of the Interspec series 
FTIR spectrometer. Figure 2.2(a).3 for a back view of spectrometer. 
Radiation Source - The radiation sources situated on the left hand 
side of the spectrometer. The IR source is a high intensity long life 
device made from a special alloy wire to achieve excellent 
instrument sensitivity and stability. Neither cooling water nor purge 
gasses are required for this unique low power higher source. The 
source is housed so as to achieve a very high operating temperature 
with minimum power. The color temperature of the source is about 
1200 °C and the heating power is about 15 W. 
2.2(a).4 ELECTRONICS COMPARTMENT - The electronics 
compartment is situated on the right side of the spectrometer 
immediately under the detector compartment. The compartment 
contains two units - the data acquisition and control system (DANC), 
and the power supply. The power supply is covered with a perforated 
metal shield to avoid any possibility, the operator touching 
electronic compartment as well as to supress radiofrequency 
interferences. The power supply board contains all fuses, a linear 
power supply for analogue components of the data acquisition for the 
linear mortor and for the radiation source. Figure 2.2(a).4 for 
Interferometer PLS mortor shematics. 
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2.2(b) Spectra Pro-500 Laser Raman spectrometer. The 
experimental setup for recording Laser Raman Spectrum is shown in 
Fig. 2.2(b).2. 
M2 
ARGON ION 
L A S E R ^ Ml 
M3 
- i I-m 
1 
S A M P L E 
CELL 
Fig. 2.2 (b).2 E x p e r i m e n t a l se t up fo r l ase r 
R a m a n s p e c t r o m e t e r 
TRIPLE GRATING 
MONOCHROMATOR 
PMT 
AMPLIFIER 
COMPUTER 
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ACTON RESEARCH CORPORATION 
PO Box 2215 / 525 Main Street / Acton, Massachusetts 01720 
Tel: (508) 263-3584 • Fax: (508) 263-5086 
Monochromotors / Vacuum UV Optical Coatings / Excimer Laser Opiics 
Acton Research Corporation 
SpectraPro®-500 
0.5 Meter Triple Grating 
Monochromator/Spectrograph 
Operating Instructions 
Serial #: 500377s 
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E n t r a n c e Slit 
Swing Away M i r r o r for Exit 
Por t Se lect ion 
Externally Con t ro l l ed 
T r i p leGra t i ng 
'^Turret(StandarcJ) 
End Por t 
for A r ray 
De tec to r or 
Exit Slit 
Side Exit Slit 
Fig. 2.2(b). 1 Lay out of Triple Grating monochromator. 
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2.3 RESULTS AND DISCUSSIONS 
The symmetry of the molecules have been considered as Cs-point 
group. In this point group, there will be only two types of vibrations 
that are planar (a') and non-planar (a"). Most of the prominent 
vibrations of above steroids have been assigned in terms of various 
fundamentals and combination vibrations. Visual estimate of the 
intensities have been given in the visual scale of 1 to 10. The observed 
fundamental frequencies and probable assignments from FTIR and 
Stoke's as well as anti-Stoke's Laser Raman spectra are presented in the 
tables 2.1-2.9. 
2.3.1 C-H stretching vibrations- Since the overlap of absorption bands 
is appreciable in this region (3000-2850 cm"') little information of 
structural interest can be obtained from the C-H stretching vibrations 
of methyl and methylene groups in steroids. The C-H bands attached to 
unsaturated groups are however, readily distinguish by their high 
stretching frequencies (> 3000 cm"'). In the present investigation the 
bands observed in FTIR spectra at 3057, 3034. 2949, 2919 and 2873 
cm'' in (i) and the bands observed at 2952 and 2863 in (ii) have been 
assigned to C-H stretching vibrations. In the Stoke's Laser Raman 
spectra the bands observed at 2931 cm"' and 2993 cm"' in (i) and the 
band observed at 2916 and 3038 cm"' in (ii) have been assigned to C-H 
stretching vibrations. 
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Table No. 2.1 Observed FT-infrared frequencies for 3P-TosylCholest-5-ene 
—. . 
I.R. Frequency 
(cm') 
3431 
3143 
3057 
3034 
2949 
2919 
2873 
2827 
2620 
2597 
2528 
2367 
2184 
1977 
1927 
1818 
1772 
1704 
1663 
1636 
Intensity 
5.8 
5.8 
6.4 
6.7 
10 
9.7 
9.6 
sh 
4.8 
sh 
sh 
3.5 
sh 
sh 
1.7 
0.7 
0.8 
1.2 
2.1 
1.4 
Symmetry 
Species 
A', A" 
A' 
a' 
a' 
a' 
a' 
a' 
A' 
A" 
A"' 
A",A" 
A" 
A' 
A", A" 
A', A" 
A", A' 
A' 
A' 
A" 
A' 
Assignment 
(2873+555), (2949+488) 
(1598+1545) 
C-H stretching 
C-H stretching 
C-H stretching 
C-H stretching 
C-H stretching 
(1545+1291) 
(2431+1193) 
(1238+1355) 
(1355+1178), (1545+988) 
(1355+1010) 
(1178+1010) 
(1010+966), (623+1355) 
(1460+466), (939+988) 
(1318+500), (1355+466) 
(1128+665) 
(1010+704) 
(1010+659) 
(1010+623) 
.—. _ 
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Table 2.1 continued 
C-C stretching 
C-C stretching 
C-C stretching 
CH3 out of phase deformation 
C-CH3 asymmetric 
deformation 
angular methyle group 
between two six membered 
ring Cio 
C-0 stretching 
C-H bending i.p. 
C-H bending i.p. 
C-H bending i.p. 
C-H bending i.p. 
C-H bending i.p. 
C-H bending i.p. 
C-H bending i.p. 
C-CH3 rocking . 
C-C stretching 
C-H bending o.p. 
C-H bending o.p. 
S-0 stretching 
S-0 stretching 
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Table 2.1 continued 
865 
836 
812 
729 
715 
704 
665 
659 
623 
555 
500 
488 
466 
9.0 
7.5 
8.3 
4.4 
sh 
1.7 
7.7 
1.0 
2.2 
9.5 
3.2 
0.8 
1.0 
a" 
a" 
a" 
a" 
a" 
a' 
a' 
a" 
a' 
a' 
a" 
a" 
a" 
C-H bending o.o.p. 
C-H bending o.o.p. 
C-H bending o.o.p. 
C-H bending o.o.p. 
C-H bending o.o.p. 
C-S stretching . 
C-S stretching . 
C-H bending o.o.p. 
C-C deformation i.p. 
C-C deformation i.p. 
C-S deformation o.o.p. 
C-C deformation o.o.p. 
C-C deformation o.o.p. 
o.o.p. = out-of- plane 
i.p. = in-plane 
62 
Table 2.2 Observed Raman vibrational frequencies for 3p-Tosyl-
Cholest-5-ene from Stoke's Laser Raman Spectrum. 
Wave length 
of Stokes lines 
in nm 
492.5 
493.5 
496 
499 
501.5 
502.5 
504.5 
505.5 
507 
509.5 
511 
514 
515.5 
516.5 
519 
520.5 
523.5 
Frequency of 
Stokes lines 
in cm"' 
20298.902 
20257.77 
20155.66 
20034.491 
19934.62 
19894.949 
19816.080 
19776.88 
19718.369 
19621.617 
19564.020 
19449.834 
19393.24 
19355.693 
19262.459 
19206.948 
19096.881 
Raman Shift 
in cm"' 
187.18 
228.313 
330.416 
451.591 
551.591 
591.133 
670.002 
709.202 
767.713 
864.46 
922.062 
1036.248 
1092.84 
1130.389 
1223.623 
1279.13 
1398.201 
Intensity 
5 
6 
10 
3 
2.5 
3 
6 
2.5 
5.5 
5.5 
4 
4 
5 
3 
3.5 
2 
2 
Symmetn 
species 
a" 
a' 
a' 
a' 
a" 
a" 
a" 
a' 
a' 
a' 
a' 
a' 
a' 
a' 
Assignment 
C-C def oop 
C-C def ip 
C-C def ip 
C-S stretch 
C-H opb 
C-H opb 
C-H opb 
S-0 stretch 
C-CH3 rocking 
C-H ipb 
C-H ipb 
C-H ipb 
C-H ipb 
Angular CH3 
group between 
two six 
membered ring 
Table 2.2 continued 
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524.5 
526.5 
529 
530.5 
532.5 
536 
538.5 
540 
541 
545 
546.5 
549 
551.5 
553.5 
555 
557 
558.5 
19060.471 
18988.068 
18898.333 
18844.898 
18774.12 
18651.53 
18564.941 
18513.372 
18479.151 
18343.526 
18293.178 
18209.877 
18127.331 
18061.831 
18013.016 
17948.337 
17900.133 
1245.611 
1498.014 
1587.74 
1641.184 
1711.962 
1834.552 
1921.14 
1972.71 
2006.93 
2142.55 
2192.904 
2276.205 
2358.751 
2424.25 
2473.06 
2537.7 
2585.949 
4 
2 
1 
4 
4 
3 
4 
1 
2.5 
2 
2 
3 
5 
1 
3 
4 
1 
a" 
a" 
a' 
A' 
A', A" 
A" 
A', A' 
A" 
A' 
A",A' 
A" 
A" 
A",A' 
A" 
C-CH3 asy def 
CH3 out of 
phase def 
C-C stretch 
(1130+591) 
(1279 + 551), 
(1130+705) 
(1425+591) 
(1587 + 551). 
(1223+922) 
(1425+767) 
(1498+767) 
(1587+767), 
(1498+864) 
(1498+922) 
(1425+1036) 
(1498+1036), 
(1398+1130) 
(1498+1092) 
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Table 2.2 continued 
559.5 
562.5 
565 
566.5 
569.5 
571.5 
574 
576.5 
578.5 
580.5 
583 
584.5 
587.5 
588.5 
590.5 
17868.14 
17772.845 
17694.204 
17647.354 
17554.392 
17492.96 
17416.772 
17341.245 
17281.293 
17221.754 
17147.905 
17103.899 
17016.561 
16987.646 
16930.116 
2617.94 
2713.23 
2791.87 
2838.72 
2931.69 
2993.12 
3069.31 
3144.837 
3204.789 
3264.328 
3338.177 
3382.183 
3469.521 
3498.43 
3555.97 
.5 
2 
3 
2.5 
3 
2.5 
2 
4 
2 
2 
3 
1 
2 
4 
4 
A'. A',A' 
A'.A" 
A' 
A' 
a' 
a' 
A" 
A' 
(1587 + 1036), 
(1498+1130), 
(1398+1223) 
(1587 + 1130), 
(1498+1223) 
(2x1398) 
(2x 1425) 
C-H stretch 
C-H stretch 
(2931+451) 
(2993+551) 
def oop = deformation out-of-plane 
def ip = deformation in-plane 
opb = out-of-plane bending 
ipb = in-plane bending 
stretch = stretching 
asy def = asymmetric deformation 
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Table 2.3 Observed Raman vibrational frequencies for 3P-Tosyl-
Cholesl-5-ene from anti-Stoke's Laser Raman Spectrum. 
Wave length 
of anti-Stokes 
lines in nm 
474.5 
471.5 
469.5 
467 
464 
462 
457.5 
456 
453.5 
448.5 
446.5 
444.5 
443.5 
538.5 
437 
434 
Frequency of 
anti-Stokes 
lines in cm' 
21068.923 
21202.976 
21293.296 
21407.284 
2145.691 
21638.961 
21851.8 
21923.68 
22044.536 
22290.29 
22390.133 
22490.874 
22541.586 
22798.612 
22876.667 
23034.999 
Raman Shift 
in c m ' 
582.84 
716.89 
807.214 
921.2 
1059.6 
1152.879 
1365.718 
1437.598 
1558.45 
1804.2 
1904.05 
2004.79 
2055.5 
2312.53 
2390.785 
2548.91 
Intensity 
8 
10 
5 
3 
4 
3 
3.5 
4.5 
2 
3 
4 
3.5 
4.5 
4.5 
4.5 
5 
Symmetn 
species 
a' 
a" 
a" 
a' 
a' 
a' 
a' 
a" 
a' 
A' 
Assignment 
C-C defip 
C-H opb 
C-H opb 
S-0 stretch 
C-CH3 rocking 
C-H ipb 
Angular methyl 
group between 
tvvo six membered 
ring 
C-CH3 asy def 
C-C stretch 
(1365+1152) 
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Table 2.3 Observed Raman vibrational frequencies for 3P-Tosyl-
Cholest-5-ene from anti-Stoke's Laser Raman Spectrum. 
Wave length 
of anti-Stokes 
lines in nm 
474.5 
471.5 
469.5 
467 
464 
462 
457.5 
456 
453.5 
448.5 
446.5 
444.5 
443.5 
538.5 
437 
434 
Frequency of 
anti-Stokes 
lines in cm' 
21068.923 
21202.976 
21293.296 
21407.284 
2145.691 
21638.961 
21851.8 
21923.68 
22044.536 
22290.29 
22390.133 
22490.874 
22541.586 
22798.612 
22876.667 
23034.999 
Raman Shift 
in cm'' 
582.84 
716.89 
807.214 
921.2 
1059.6 
1152.879 
1365.718 
1437.598 
1558.45 
1804.2 
1904.05 
2004.79 
2055.5 
2312.53 
2390.785 
2548.91 
Intensit> 
8 
10 
5 
3 
4 
3 
3.5 
4.5 
2 
3 
4 
3.5 
4.5 
4.5 
4.5 
5 
Symmetry 
species 
a' 
a" 
a" 
a' 
a' 
a' 
a' 
a" 
a' 
A' 
Assignment 
C-C de f ip 
C-H opb 
C-H opb 
S-0 stretch 
C-CH3 rocking 
C-H ipb 
Angular methyl 
group between 
two six membered 
ring 
C-CH3 asy def 
C-C stretch 
(1365+1152) 
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Table 2.3 continued 
431.5 
428.5 
426.5 
424 
422.5 
421 
419.5 
416.5 
415.5 
412.5 
410 
404.5 
401.5 
394.5 
393 
391.5 
388 
386.5 
382.5 
379 
23168.455 
2330.659 
23440.062 
23578.267 
23661.975 
23746.286 
23831.188 
24002.838 
24060.605 
24235.87 
24383.363 
24714.897 
24899.562 
25341.37 
25438.091 
25535.552 
25765.894 
25865.888 
26136.375 
26377.734 
2682.37 
2844.57 
2953.98 
3092.185 
3175.893 
3260.19 
3345.106 
3516.75 
3574.52 
3749.5 
3897.281 
4228.8 
4413.48 
4855.2 
4952.009 
5049.4 
5279.8 
5379.8 
5650.29 
5891.652 
6 
3 
6 
2 
4 
4.5 
3 
4.5 
5 
5.5 
2.5 
2 
2.5 
3 
2 
2 
1.5 
2.5 
2 
1 
a' 
a' 
A" 
A',A" 
A' 
C-H stretch 
C-H stretch 
(2844+716) 
(2844+921). 
(2953+807) 
(2844+1558) 
. -
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Table 2.4 Observed Raman vibrational frequencies for 3p-Tosyl-
Cholest-5-ene from anti-Stoke's Laser Raman Spectrum. 
Wave length 
of anti-Stokes 
lines in nm 
473.5 
472 
467 
464 
462 
459.5 
457 
455.5 
453.5 
452 
450 
448 
446.5 
444 
442.5 
Frequency of 
anti-Stokes 
lines in cm' 
21113.419 
21180.515 
21407.284 
21545.691 
21638.961 
21756.69 
21875.708 
21947.745 
22044.536 
22117.691 
22215.991 
22315.167 
22390.133 
22516.202 
22592.527 
Raman Shift 
in cm"' 
627.233 
694.43 
921.2 
1059.609 
1152.879 
1270.608 
1389.2 
1461.6 
1558.4 
1631.6 
1729.9 
1829 
1904 
2030.1 
2106.4 
Intensit>' 
9 
10 
8 
6 
3 
4 
4 
3.5 
4 
2 
4 
4.5 
4 
5.5 
5 
Symmetry 
species 
a' 
a' 
a' 
a' 
a' 
a' 
a' 
a" 
a' 
A' 
A' 
Assignment 
C-C def ip 
C-S stretch 
S-0 stretch 
C-CH3 rocking 
C-H ipb 
C-H ipb 
angular methyl 
group between 
two six 
membered ring 
CH3 out of 
phase def 
C-C stretch 
(1389+627) 
(2 X1059) 
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Table 2.4 continued 
441 
438.5 
436 
434 
432 
429 
427.5 
425 
423 
420.5 
418.5 
416.5 
415 
413.5 
412 
404.5 
402.5 
400 
397.5 
22669.371 
22798.612 
22929.336 
23034.999 
23141.641 
23303.467 
23385.232 
23522.79 
23634.007 
23774.571 
23888.131 
24002.828 
24089.593 
24176.978 
24265 
24714.897 
24837.701 
24992.934 
25150.118 
2183 
2312.5 
2443.2 
2548.9 
2655.5 
2817.3 
2899.15 
3036.7 
3147.9 
3288.43 
3402 
3516.75 
3603.3 
3690.8 
3778.9 
4228.8 
4351.6 
4506.8 
4664 
6 
5.5 
5.5 
5.5 
6.5 
5.5 
4 
4 
5 
5.5 
6 
5 
3 
5 
5 
4 
5 
3 
3.5 
A', A' 
A',A' 
A' 
A', A' 
A' 
A' 
a' 
a' 
A" 
(1558+627). 
(1270+921) 
(1389+921). 
(2x 1152) 
(1389+1059) 
(1389+115). 
(2x1270) 
(1389+1270) 
(1558+1270) 
C-H stretch 
C-H stretch 
(2899+1461) 
69 
Table 2.4 continued 
396 
394 
391.5 
389.5 
387 
385.5 
383 
381 
376 
25245.382 
25373.529 
25535.552 
25666.669 
25832.471 
25932.984 
26102.255 
26239.271 
26588.19 
4759.3 
4887.4 
5049.4 
5180.58 
5346.38 
5446.902 
5616.17 
5753.1 
6102.108 
2.5 
3 
3 
1 
1 
3 
4 
2 
1 
def ip = deformation in-plane 
opb = out-of-plane bending 
ipb = in-plane bending 
stretch = stretching 
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Table 2.5 Observed FT-infrared frequencies for 3P-hydroxy-5P-methy 
19-nor. Stigmast 9(10)-en-6a-ol 
I.R. Frequency 
(cm') 
3416 
2952 
2863 
2704 
2363 
2340 
1708 
1579 
1466 
1380 
1367 
1333 
1287 
1245 
1184 
1147 
1034 
988 
944 
Intensity 
9.0 
10.0 
9.5 
sh 
1.0 
0.5 
9.0 
0.8 
8.5 
8.0 
sh 
5.0 
6.1 
6.5 
7.0 
6.0 
8.5 
7.5 
6.0 
Symmetry 
Species 
a" 
a 
a" 
A", A' 
A" 
A" 
A" 
a" 
a'' 
a" 
a" 
a' 
a" 
a' 
a' 
a' 
a' 
a" 
a 
Assignment 
0-H stretch. 
C-H stretch. 
C-H stretch. 
(1466+1245), (1333+1367) 
(1333+1034) 
(1466+875) 
(1034+670) 
C-C stretch. 
CH3 out of phase defer. 
angular methyl group between a 
five and a six membered ring C|g 
C-OH defro. i.p. 
C-0 stretch. 
C-H bend. i.p. 
C-H bend. i.p. 
C-H bend. i.p. 
C-H bend. i.p. 
C-H bend. i.p. 
C-H bend. 0.0.p. 
C-OH defor. 0.0.p 
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Table 2.5 continued 
918 
875 
822 
784 
750 
670 
638 
613 
590 
545 
466 
4.5 
2.0 
2.1 
2.0 
2.5 
3.0 
4.0 
3.2 
3.4 
3.5 
3.5 
a" 
a" 
a" 
a" 
a" 
a" 
a" 
a' 
a' 
a' 
a" 
C-H bend, o.o.p. 
C-OH defor. o.o.p 
C-H bend, o.o.p. 
C-H bend, o.o.p. 
1 
1 
C-H bend, o.o.p. 
C-H bend, o.o.p. 
C-C defor. o.o.p. 
C-C defor. i.p. 
C-C defor. i.p. 
C-C defor. i.p. 
C-C defor. o.o.p. 
stretch. Stretching bend o.p. bending out of plane bend i.p. bending in 
plane defor i.p = deformation in plane defor o.o.p. = deformation out 
of plane 
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Table 2.6 Observed Raman vibrational frequencies for 3P-hydrox\-
5p-methyl-19-nor.stigmast 9(10)-en-6a-ol from Stoke's Laser Raman 
Spectrum. 
Wave length 
of Stokes lines 
in nm 
494 
496 
501 
504 
511 
516 
523 
529 
532 
535 
538 
541 
544 
548 
552 
Frequency of 
Stokes lines 
in cm' 
20237.267 
20156.666 
19954.519 
19835.739 
19564.020 
19374.448 
19115.138 
18898.333 
18791.765 
18686.392 
18582.264 
18479.151 
18377.245 
18243.106 
18110.912 
Raman Shift 
in cm* 
248.815 
330.416 
531.68 
650.343 
921.262 
1111.634 
1370.944 
1587.749 
1694.317 
1799.7 
1903.798 
2006.931 
2108.837 
2242.976 
2375.17 
Intensit}' 
7 
4 
5 
4.5 
6 
6.5 
7.0 
8.0 
8.5 
10 
8 
10 
8 
6 
9 
Symmetry 
species 
a' 
a' 
a" 
a' 
a' 
a' 
A' 
A' 
A' 
A' 
1 
Assignment 
C-C def ip 
C-C def ip 
C-H opb 
C-H ipb 
Angular methyl 
group b/w a fi\e 
and a six 
membered ring. 
C-C stretch 
(1370+531) 
(1370 + 650) 
(1587+531) 
(1587+650) 
Table 2.6 Continued 
556 
559 
564 
569 
573 
579 
585 
589 
593 
596 
601 
606 
609 
612 
615 
621 
625 
630 
634 
640 
643 
649 
17980.619 
17884.123 
17725.577 
17569.818 
17447.167 
17266.37 
17089.281 
16973.225 
16858.736 
16773.877 
16634.324 
16497.083 
16415.817 
16335.345 
16255.664 
16098.606 
15995.576 
15868.628 
15768.511 
15620.682 
15547.808 
15404.065 
2505.463 
2601.959 
2760.505 
2916.264 
3038 
3220 
3397 
3513 
3628 
3713 
3852 
3989 
4071 
4151 
4231 
4388 
4491 
4618 
4718 
4866 
4939 
5082 
7 
9.5 
8 
8.5 
9 
7 
6.5 
6.5 
6.5 
6 
5.5 
6 
5.5 
^ 
5 
4 
4 
3.5 
3 
1.5 
1.5 
2.5 
A" 
A' 
a' 
a' 
a' 
A" 
A" 
A' 
(1587^921) 
(2 X 1370) 
C-H stretch 
C-H stretch 
0-H stretch 
(2915+921) 
(3220 - 921) 
(2916-1587) 
1 
! 
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Table 2.6 continued 
657 
660 
665 
674 
678 
682 
684 
688 
15216.497 
15147.332 
15023.443 
14832.701 
14745.193 
14658.712 
14615.85 
14530.875 
5270 
5339 
5463 
5654 
5741 
5828 
5871 
5956 
2 
2.5 : 
1.5 1 
2.5 
1 
1.5 A" 
1 A' 
1 
(2 X 2916) 
(3397+1587) 
def ip = deformation in-plane 
opb = out-of-plane bending 
stretch == stretching 
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Table 2.7 Observed Raman vibrational frequencies for 3p-hydroxy-
5P-methyl-19-nor.stigmast 9(10)-en-6a-ol from anti-Stoke's Laser 
Raman Spectrum. 
Wave length 
of anti-Stokes 
lines in nm 
472 
468 
466 
465 
464 
462 
461 
457 
456 
454 
450.5 
448.5 
447.5 
445 
443.5 
Frequency of 
anti-Stokes 
lines in cm' 
21180.515 
21361.543 
21453.221 
21499.357 
21545.691 
21638.961 
21685.899 
21875.708 
21923.680 
22020.258 
22191.334 
22290.290 
22340.1 
22465.605 
22541.586 
Raman Shift 
in cm"' 
694.433 
875.461 
967.139 
1013.275 
1059.609 
1152.879 
1199.817 
1389.625 
1437.598 
1534.176 
1705.252 
1804.208 
1854.018 
1979.522 
2055.504 
Intensity 
10 
4 
5 
10 
5 
4.5 
3 
2.5 
6 
4 
4.5 
3 
4 
3.5 
5.5 
Symmetry 
species 
a" 
a" 
a" 
a" 
a" 
a' 
a' 
a' 
a' 
A' 
Assignment 
C-C def oop 
C-OH def oop 
C-H opb 
C-H opb 
C-H opb 
C-H ipb 
C-H ipb 
Angular methyl 
group b/w a 
five and a six 
membered ring 
C-C stretch 
(875 +967) 
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Table 2.7 continued 
441.5 
440.5 
538.5 
436 
434.5 
433.5 
431 
429.5 
428 
425.5 
423.5 
422.5 
420 
418 
416.5 
414.5 
412.5 
409.5 
407.5 
406 
405 
401.5 
22643.698 
22695.102 
22798.612 
22929.336 
23008.492 
23061.567 
23195.333 
23276.339 
23357.914 
23495.194 
23606.103 
23661.975 
23802.818 
23916.705 
24002.838 
24118.651 
24235.587 
24413.134 
24532.951 
24623.588 
24684.385 
24899.562 
2157.616 
2209.02 
2312.53 
2443.25 
2522.41 
2575.485 
2709.251 
279.257 
2871.837 
3009.067 
3120.022 
3175.893 
3316.736 
3430.622 
3516.756 
3632.569 
3749.505 
3927.052 
4046.869 
4137.506 
4198.363 
4413.48 
4,9 
9 
5 
4.5 
3.5 
5.5 
5 
6 
5.5 
6 
7 
4 
7 
6.5 
3.5 
4 
6.5 
2 
6 
6 
2 
1.5 
A" 
A" 
A' 
A" 
A' 
A'.A' 
a' 
a' 
A' 
a' 
a' 
A" 
A" 
(1199 +967) 
(1199+1013) 
(2 X 1152) 
(1389+1059) 
(1389+1199) 
(1582+1199), 
(2 X 1389) 
C-H stretch 
C-H stretch 
(2x 1582) 
0-H stretch 
0-H stretch 
(2871+1059) 
(3316+8750) 
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Table 2.7 continued 
399.5 
396.5 
393.5 
391.5 
390 
386.5 
384 
382 
380 
377.5 
375.5 
25024.213 
25213.548 
25405.768 
25535.552 
25633.764 
25865.888 
26034.282 
26170.584 
26308.321 
26482.544 
26623.592 
4538.131 
4723.466 
4918.686 
5049.47 
5147.682 
5379.806 
5548.2 
5684.502 
5822.239 
5996.462 
6137.51 
3.5 
4.5 
4.0 
2.5 
2 
3 
3 
1 
3.5 
5 
3 
A' (3316+1389) 
def oop = deformation out-of-plan^ 
opb = out-of-plane bending 
ipb = in-plane bending '!> 
stretch = stretching 
(• A . c. ^ - ' t 
* 
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Table 2.8 Observed frequency shift in 3P-TosylCholest-5-ene. in Methanol 
I.R. frequency 
(cm') 
I.R. frequency in 
-1^ 
solvent (cm' ) 
Shift in frequency 
(cm') 
Mode 
3431.8 
3181.8 
3057.4 
3034.5 
2949.61 
2919.5 
2873.6 
2827.6 
2620.7 
2597.8 
2528.8 
2367.9 
2184.0 
1977.2 
1927.08 
1818.0 
1772.0 
1704.0 
1663.85 
1636.4 
1598.07 
2925.0 
2850.0 
5.5 
23.6 
C-H stretch 
C-H stretch 
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Table 2.8 continued 
1545.5 
1500.0 
1460.2 
1413.8 
1355.7 
1318.8 
1291.45 
1257.62 
1238.7 
1193.2 
1178.33 
1128.62 
1100.07 
1045.4 
1010.65 
988.0 
966.0 
939.92 
888.86 
865.94 
836.21 
812.62 
729.67 
1 
975.5 
937.8 
864.4 
813.6 
738 
12.5 
2.12 
1.54 
0.98 
8.33 
C-H bend, o.o.p 
S-0 Stretch 
C-H bend, o.o.p. 
C-H bend, o.o.p. 
C-H bend, o.o.p. 
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Table 2.8 continued 
715.9 
704.55 
665.87 
659.1 
623.01 
555.08 
500.18 
488.89 
466.67 
700.0 
665.7 
555.4 
4.55 
0.10 
0.32 
C-S Stretch 
C-S Stretch 
C-C defor. i.p. 
Stretch = Stretching 
bend, o.o.p. = bending out-of-plane 
defor. i.p. = deformation in-plane 
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Table 2.9: Observed frequency shift in 3p-hydroxy-5p-methyl-19-
nor.stigmast 9(10)-en-6a-ol in Chloroform 
I.R. frequency 
(cm') 
3416.77 
2952.74 
2863.01 
2704.5 
2363.01 
2340.9 
1708.84 
1579.55 
1466.48 
1380.28 
1367.7 
1333.34 
1287.4 
1245.97 
1184.73 
1147.0 
I.R. frequency 
in solvent 
(cm') 
3410.3 
2952.4 
2880.4 
2360.4 
2333.3 
1709.0 
1589.0 
1466.4 
1382.4 
1367.2 
1308.6 
1186.0 
1144.5 
Shift in frequency 
(cm') 
6.47 
0.34 
17.39 
2.61 
7.60 
0.16 
10.55 
0.08 
2.12 
0.50 
24.74 
1.27 
2.5 
Mode 
0-H stretch 
C-H stretch 
C-H stretch 
C-C stretch 
CH3 o.o.p.defor. 
angular methyl 
group between a 
five and six 
membered ring 
C,8 
C-OH defer, i.p. 
C-0 Stretch 
C-H bend. i.p. 
C-H bend. i.p. 
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Table 2.9 continued 
1034.04 
988.63 
944.47 
918.0 
875.0 
822.90 
784.10 
750.0 
670.0 
638.08 
613.0 
590.0 
545.0 
466.7 
1033.9 
980.5 
957.1 
921.95 
863.36 
668.0 
640.72 
0.14 
8.13 
12.63 
3.95 
11.64 
2.0 
2.64 
C-H bend. i.p. 
C-H bend, o.o.p. 
C-OH defor. o.o.p. 
C-H bend, o.o.p. 
C-OH defor. o.o.p. 
C-OH bend, o.o.p. 
C-C defor. o.o.p. 
stretch = stretching 
bending in-plane 
bend, o.o.p. = bending out-of plane 
defor. i.p. = deformation in plane bend. i.p. 
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In the anti-Stoke's Laser Raman spectra, these bands occur at 2953 
cm'' and 2844 cm'' in (i) and the bands observed at 2871 cm"' and 
3009 cm'' in (ii) have been assigned as C-H stretching vibrations. 
These assignments agree very well with Rao [1,6,7]. 
2.3.2 C-H In-plane-bending Vibrations C-H bending vibrational 
frequencies normally appears in the range (1100-1300 cm'') for in-
plane. In the present investigation the bands observed at 1100, 1128. 
1178, 1193, 1238, 1257 and 1291 cm'' in (i), 1034, 1147, 1184, 1245 
and 1287 cm'' in (ii) have been assigned as C-H in plane-bending 
vibrations from FTIR-spectra. 
In Stoke's Laser Raman spectra these vibrations are observed at 
1092, 1130. 1223 and 1279 cm'' in (i). 1111 cm'' in (ii) have been 
assigned as C-H in-plane bending vibrations. In the anti-Stoke's 
Laser Raman spectra, these vibrations are observed at 1152 and 1270 
cm'' in (i), 1152 and 1199 cm'' in (ii). These assignments agree very 
well with [1,8,9]. 
2.3.3. C-H out-of-plane bending vibrations. C-H bending vibrational 
frequencies appears in the range (700-100 cm'') for out-of-plane 
bending vibrations in the present investigation the bands observed at 
659, 665, 704, 715, 729, 812, 836 and 865 cm"' in (i), 670, 750, 784, 
822 and 918 in (ii) have been assigned as C-H out-of-plane bending 
vibrations from FTIR spectra. 
In the Stoke's Laser Raman spectra of the above compounds the 
bands observed at 709, 767, and 864 cm'' in (i), 921 cm"' in (ii) have 
been assigned as C-H out-of-plane bending vibrations. In the anti-
Stoke's Laser Raman spectra of above compounds these bands are 
occur at 967, 1013 and 1059 cm"' in (ii) 716 and 807 cm'' in (i). 
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A.R.H. et. al [2], [3], [4] suggested that angular methyl group bending 
vibrations for the methyl group in between two six membered rings (Cio) 
and in between a five and a six membered rings (Cig) with in the region 
(1350-1392 cm'') and (1372-1385) cm"' respectively. These bands have 
been assigned at 1390 cm'' and 1375 cm'' in [6]. 
In the present investigation the band observed at 1355 cm'' in (i) 1380 in 
(ii) have been assigned as angular methyl group vibration between a five 
and a six membered rings and angular methyl group vibration between two 
six membered rings respectively from FTIR spectra of above compounds. 
In the Stoke's Laser Raman spectra of above compounds these vibrations 
occur at 1398 cm'' in (i) and 1379 in (ii) and in the anti-Stoke's Laser 
Raman Spectra these bands are observed at 1365 cm'' in (i) and at 1389 
cm'' in (ii). 
2.3.4 C-S stretching vibrations. The C-S stretching vibrations normally 
appear in the range [5], (600-700 cm''). And C-S bending out-of-plane 
nearly 500 cm''. In the present investigation the bands observed at 704 and 
665 cm'' have been assigned as C-S stretching vibrations and a band 
observed at 500 cm'' has been assigned as C-S out-of-plane bending 
vibration from FTIR spectra of (i). 
Int the Stoke's Laser Raman spectrum this band has been observed at 670 
cm'' and in the anti-Stoke's Laser Raman spectrum a band observed at 694 
cm'' has been assigned as C-S stretching vibration. 
2.3.5 S-0 stretching vibrations: Rao and Bellamy [1], [5] have suggested 
that S-0 stretching vibrations occur in the region 890-950 cm"'. In 
accordance with their conclusion, the bands observed at 888 and 939 cm"' 
have been assigned to S-0 stretching vibrations in FTIR spectrum of (i). 
This vibration occurs at 922 cm'' in the Stoke's Laser Raman spectrum and 
in the anti-Stoke's Laser Raman spectrum, this vibration has been assigned 
at 921 cm'' in (i). 
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CHAPTER 3 
FTIR and Laser Raman Spectra of 2,3,5-Tri-iodobenzoic acid 
3.1 INTRODUCTION 
lodo-substituted benzene derivatives have been the subject of 
spectroscopic investigations in infrared region. The infrared absorption 
spectra of benzoic acid and mono substituted benzoic acid have been 
studied by several workers [1-4]. Flett [1], 1955, has reported 
vibrational spectra of sixty carboxylic acids. Green [2] in 1977, has 
reported the complete analysis of the spectra of benzoic acid and some 
substituted benzoic acids. Ansari and Verma [3] have reported spectral 
studies of benzoic acid, phthalic acid and salicylic acid. Verma et. al.[4] 
have reported vibrational spectrum of m-fluoro benzoic acid. Rastogi [9] 
has extended the study further to higher substituents, and investigated 
infrared spectra of 2-chloro-5-nitro-benzoic acid, 3,5-dinitrobenzoic 
acid and 2,4-dichlorobenzoic acid. Vibrational spectra of 2,3,5-Tri-
iodobenzoic acid has been reported [37] from Meerut University. They 
have only given the limited assignment. No detailed vibrational analysis 
has been described. Therefore, it was though desirable to record the 
FTIR and Laser Raman spectra of 2,3,5-Tri-iodobenzoic acid and give 
the detailed vibrational analysis. FTIR spectrum of 2,3,5-Tri-
iodobenzoic acid has also been recorded in solvent 1,4-Dioxane, 
frequency shifts of the various vibrations have also been discussed. 
3.2 EXPERIMENTAL PROCEDURE: The chemical, 2,3,5-Tri-
iodobenzoic acid was obtained from Spectrochem Pvt. Ltd Mumbai, 
India and was used as such. FTIR spectrum of above compound has been 
recorded in the region 400-4000 cm"' on Perkin-Elmer FTIR 
spectrophotometer in KBr pellet in Chemistry Department of Delhi 
University, Delhi. 
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The Stoke's as well as anti-Stoke's Laser Raman spectra of above 
compounds have also been recorded using 4880 A° line of Argon and 
laser as source of excitation in M.N. Shaha spectroscopy laboratory 
of Allahabad University's Physics Department, Allahabad. We have 
also recorded the FTIR spectrum of above compound in 1,4-Dioxane. 
Infrared bands are very sharp and well defined. Most of the 
prominent vibrations of 2,3,5-Triiodo-benzoic acid have been 
assigned in terms of various fundamentals and combinations. The 
traces of spectra are shown in Figs 3.1-3.5. 
3.3 Discussion and Analysis- The infrared bands observed in the 
region 400-4000 cm''. Spectrum consists of sharp, broad and less 
intense bands. Intensities of the infrared bands have been usually 
estimated in the scale of 1 to 10. All these bands have been assigned 
in terms of various fundamentals and combination vibrations. The 
molecule 2,3,5-Tri-iodobenzoic acid is a Tri-substituted Benzoic 
acid where three hydrogen atoms of Benzoic acid in 2,3,5 positions 
are replced by Iodine atoms. Or we can say that 2,35-Tri-iodobenzoic 
acid is a Tetra-substituted benzene. This molecule belongs to Cs-
point group. In this group there are two types of vibrations i.e planer 
(a') and non-planer are occur. The observed fundamental frequencies 
and their probable assignments are reported in the tables 3.1-3.5. 
3.3.1 C-H stretching vibrations 
In aromatic compound C-H stretching frequencies appear in the 
range, 3000-3100 cm"*. There are six C-H stretching frequencies in 
benzene with the following modes of vibrations: 
a,g(3062), b,u(3060), e2g(3047), e,u (3099). 
Last two modes are doubly degenerate. In the present case only two 
C-H stretching frequency have been observed at 3062 c m ' and 3022 
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cm'' in FTIR spectrum of compound. The bands observed in the 
Stoke's Laser Raman spectrum at 3038 and 3099 cm'' have been 
assigned to C-H stretching vibrations. In another Stoke's Laser Raman 
spectrum these vibrations occur at 3008 cm'' and at 3069 cm ' . The 
above assignments are agree with [8-20]. 
3.3.2 C-H Bending Modes. The C-H bending modes is substituted 
benzenes occur in two different regions: 1000-1300 cm"' in-plane 
bending modes and 750-1000 cm'' out-of plane bending modes. 
The six C-H in plane bending vibrations are derived from a2g(1340 
cm''), b2u(1037 cm''), e2g(1178 cm'') and e,u(1037 cm'') modes of 
benzene. Corresponding to these six C-H in plane bending vibrations 
only two C-H in-plane being vibrations will be observed in this 
molecule because there are three iodine atoms and one acidic group 
in place of four hydrogen atoms. In the present case two C-H 
bending in plane vibrations have been assigned at 1359 cm'' and 
1275 cm"' in FTIR spectrum of compound. The bands observed at 
1297 cm'' in Stoke's Laser Raman spectrum has been assigned to 
C-H in-plane bending vibration and this vibration in anti-Stokes 
Laser Raman spectrum observed at 1334 cm''. These assignments are 
agree with previous workers [27-34]. 
The out of plane bending vibrations in benzene arise from b2p(995 
cm''), e2u(975 cm''), eig(849 cm'') and a2u(671 cm"') modes of ,  
benzene. In this molecule only two C-H out-of-plane bending 
vibrations will be observed due to the fact that four other vibrations 
will corresponds to the substituents. The two C-H out-of-plane 
bending vibrations have been assigned at 836 cm'' and 870 cm'' in 
present case in FTIR spectrum of compound. 
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Table 3.1 Observed FT-infrared frequencies for 2,3,5-Tri-
iodobenzoic acid. 
FTIR 
frequencies cm"' 
3454 
3285 
3122 
3062 
3022 
2932 
2705 
2637 
2546 
2360 
2341 
2114 
1955 
1807 
1785 
1711 
1568 
1542 
1518 
1407 
1397 
Intensity 
broad 
1 
2 
2.5 
2 
4 
shoulder 
2 
3 
I 
0.5 
shoulder 
shoulder 
1 
1 
10 
1 
3 
4 
6 
1 
Symmetry 
species "_ 
a' 
A' 
A' 
a' 
a' 
A' 
A' 
'^ 1 
A' 
A' 
A" 
A' 
A' 
A', A' 
A " A I I A , A 
a' 
a' 
a' 
a' 
a' 
a' 
Assignment 
0-H stretching 
(1711+1568) 
(1711+1407) 
C-H stretching 
C-H stretching 
(1518+1407) 
(1711+1001) 
1359 +1275) 
(1542 +100) 
(1359 +1001) 
(1568+777) 
(1106+1015) 
(1359+592) 
(1223+592), 
(1359+454) 
(1001+777), 
(1196+686) 
C=0 stretching 
C-C stretching 
C-C stretching 
C-C stretching 
C-C stretching 
C-C stretching 
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Table 3.1 continued 
1375 
1359 
1275 
1223 
1196 
1106 
1015 
1001 
899 
870 
836 
777 
721 
686 
676 
592 
507 
454 
I 
2 
6 
6.5 
7 
2 
3 
5 
2 
4.5 
2 
2 
4 
6 
1 
4 
3.5 
3 
a' 
a' 
a' 
a' 
a' 
a' 
a' 
a' 
a" 
a" 
all 
a" 
11 
a'' 
a" 
a" 
a' 
a' 
a' 
C-OH def. i.p 
C-H i.p.b 
C-H i.p.b 
C-0 stretching 
C-C i.p.b. 
C-C i.p.b. 
C-C i.p.b. 
C-C breathing vib. 
C-OH def 0.0.p 
C-H o.p.b 
C-H o.p.b 
C-C o.p.b. 
C-C o.p.b. 
C-C o.p.b. 
C-C o.p.b. 
C-I stretching 
C-I stretching 
C-I stretching 
def. i.p- deformation in plane, o.p.b. - out-of-plane bending, 
i.p.b.- in-plane bending, def. o.o.p = deformation out-of-plane 
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Table 3.2 Observed Raman vibrational frequencies for 2.3.5 
Triiodobenzoic acid from stocks Raman spectrum. 
Wave length 
of Stokes lines 
in nm 
492 
496 
499 
501 
503 
505 
508 
511 
513 
516 
518 
521 
524 
528 
535 
540 
543 
547 
549 
552 
Frequency of 
Stokes lines 
in cm' 
20319.531 
20155.666 
20034.491 
19954.514 
19875.173 
19796.461 
19679.554 
19564.020 
19487.748 
19374.448 
19299.645 
19188.516 
19078.659 
18934.225 
18686.392 
18513.372 
18411.089 
18276.457 
18209.877 
18110.912 
Raman Shift 
in cm'* 
166.551 
330.416 
451.491 
531.568 
610.909 
689.621 
806.528 
922.062 
998.334 
1111.634 
1186.437 
1297.566 
1407.423 
1551.857 
1799.69 
1972.71 
2074.993 
2209.625 
2276.205 
2375.17 
Intensity 
10 
7.5 
3.7 
3.4 
3.1 
3.1 
3.6 
3.4 
2.5 
3.6 
4.2 
3.6 
4.3 
4.2 
3.9 
3.6 
3.7 
3.9 
4.0 
4.0 
Symmetry 
species 
a' 
a' 
a" 
a" 
a" 
a' 
a' 
a' 
a' 
a' 
a' 
A" 
A" 
A' 
A" 
A* 
Assignment 
C-I stretch 
C-I stretch 
C-C def. oop 
C-H opb 
C-OH def. oop 
C-C ring 
breathing 
C-C def. i.p 
C-C def. i.p 
C-H ipb 
C-C stretch 
C-C stretch 
(1111+689) 
(1186 + 806) 
(551 +531) 
(1297+922) 
(2 X 1186) 
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Table 3.2 Continued 
Wave length 
of Stokes lines 
in nm 
556 
558 
560 
562 
565 
567 
569 
573 
575 
580 
585 
587 
589 
Frequency of 
Stokes lines 
in cm' 
17980.619 
17916.172 
17852.187 
17788.656 
17694.204 
17631.792 
17569.818 
17447.167 
17386.482 
17226.6 
17089.28 
17031.055 
16973.225 
Raman Shift 
in cm'* 
2505.463 
2569.91 
2633.895 
2697.426 
2791.878 
2854.29 
2916.264 
3038.915 
3099.6 
3249.482 
3396.801 
3455.207 
3512.775 
Intensity 
4.5 
3.7 
2.8 
4.5 
3.7 
3.4 
3.9 
2.8 
3.7 
5.0 
2.7 
3.4 
4.8 
Symmetn 
species 
A' 
A' 
a' 
a' 
a' 
Assignment 
(1407+1111) 
(1551+1297) 
C-H stretch 
C-H stretch 
0-H stretch 
def. oop = deformation out-of-plane 
opb = out-of-plane bending 
ipb = in-plane-bending 
stretch = stretching 
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Table 3.3 Observed Raman vibrational frequencies for 2.3,5-Tri-
iodobenzoic acid from anti-Stokes Raman spectrum. 
Wave length 
of anti-Stokes 
lines in nm 
472 
470 
467 
465 
461 
458 
455 
451 
449 
445 
442 
438 
435 
429 
427 
520 
419 
416 
411 
407 
Frequency of 
anti-Stokes 
lines in cm' 
21180.515 
21270.644 
21407.284 
21499.357 
21685.899 
21827.945 
21971.863 
22166.732 
2265.469 
22465.604 
22618.083 
22824.637 
22982.046 
2303.467 
23412.615 
23802.818 
23859.625 
24031.687 
24324.037 
24563.089 
Raman Shift 
-1 in cm 
694.433 
784.562 
921.202 
1013.275 
1199.817 
1341.912 
1485.781 
1680.65 
1779.387 
1979.522 
2132.001 
2338.558 
2495.964 
2817.385 
2926.533 
3316.736 
3373.543 
3545.605 
3837.955 
4077.007 
Intensit>' 
10 
8 
7 
6.8 
6 
4.5 
5 
3.8 
3.5 
4.5 
4.5 
5.7 
5.0 
3.3 
5.0 
3.5 
5.5 
4.7 
3.5 
3.6 
Symmetry 
species 
a" 
a" 
a" 
a' 
a' 
a' 
a' 
a' 
A" 
A" 
A" 
A' 
A' 
A' 
Assignment 
C-C def. oop 
C-C def. oop 
C-OH def. oop 
C-C def. ip 
C-C def. ip 
C-H ipb 
C-C stretch 
C=0 stretch 
(1199+784) 
(1199+921) 
(3 X 784) 
(1485+1013) 
(1485+1341) 
(2x1680) 
Table 3,3 Continued 
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405 
403 
399 
396 
388 
383 
378 
24684.385 
24806.886 
25055.572 
25245.382 
25765.894 
26102.255 
26477.515 
4198.310 
4320.804 
4569.49 
4759.3 
5279.812 
5616.173 
5991.433 
3.0 
3.0 
2.5 
2.0 
1.5 
1.5 
1.5 
def. oop = deformation out-of-plane 
ipb = in-plane-bending 
stretch = stretching 
def. ip = deformation in-plane 
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Table 3.4 Observed Raman vibrational frequencies for 2.3.5-Tri-
iodobenzoic acid from Stoke's Laser Raman spectrum. 
Wavelength 
of Stokes lines 
in nm 
502 
506 
510 
519 
522 
525 
529 
534 
538 
543 
546 
550 
556 
559 
565 
569 
572 
574 
576 
580 
Frequency of 
Stokes lines 
in cm*' 
19914.765 
19757.338 
19602.38 
19262.459 
19151.756 
19042.139 
18898.333 
18721.385 
18582.144 
18411.089 
18309.93 
18176.769 
17980.619 
17884.123 
17694.204 
17569.818 
17477.669 
17416.772 
17356.298 
17236.600 
Raman Shift 
in cm"' 
571.319 
728.744 
883.702 
1223.623 
1334.326 
1447.763 
1587.749 
1764.697 
1903.888 
2074.993 
2176.152 
2309.313 
2505.463 
2601.959 
2791.878 
2916.264 
3008.413 
3069.31 
3129.784 
3249.482 
Intensity 
6.3 
5.8 
5.1 
5.2 
5.4 
5.0 
5.2 
5.5 
5.8 
5.6 
5.0 
5.8 
9.0 
5.6 
4.3 
4.0 
3.0 
6.8 
5.5 
3.6 
Symmetry 
species 
a' 
a" 
a" 
a' 
a' 
a' 
A' 
A' 
A' 
A" 
a' 
a' 
Assignment 
C-1 stretch 
C-C def. cop 
C-H opb 
C-0 stretch 
C-H ipb 
C-C stretch 
(2 X 883) 
(1334^571) 
(3 X 728) 
(1587 +728) 
C-H stretch 
C-H stretch 
Table 3.4 Continued 
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583 
590 
593 
597 
600 
605 
607 
610 
614 
616 
618 
621 
623 
631 
635 
638 
643 
645 
647 
650 
653 
656 
659 
17147.905 
16944.457 
16858.736 
16745.780 
16662.052 
16524.35 
16469.905 
16388.906 
16282.139 
16229.275 
16176.754 
16098.606 
16046.925 
15843.479 
15743.679 
15669.650 
15547.803 
15499.593 
15451.681 
15380.366 
15309.706 
15239.693 
15170.317 
3338.177 
3541.625 
3627.346 
3740.302 
3824.03 
3961.732 
4016.177 
4097.176 
4203.943 
4256.807 
4309.328 
4387.476 
4439.157 
4642.603 
4742.403 
4816.432 
4938.279 
4986.489 
5034.401 
5105.716 
5176.376 
5246.389 
5315.765 
4.6 
4.4 
4.3 
3.2 
4.0 
6.0 
3.7 
3.5 
3.6 
5.1 
4.9 
4.8 
3.6 
3.8 
5.0 
5.7 
4.8 
4.4 
3.6 
4.0 
3.6 
3.4 
4.6 
A' 
A' 
A" 
A" 
A' 
(4x 883) 
(3069+571) 
(3008 + 727) 
(3069+883) 
1 
(3069 +1587) 
Table 3.4 Continued 
102 
661 
665 
668 
673 
676 
680 
682 
686 
690 
695 
698 
15124.416 
15033.443 
14965.928 
14854.742 
14788.818 
14701.825 
14658.712 
14573.239 
14488.757 
14384.522 
14322.689 
5361.666 
5452.639 
5520.154 
5631.134 
5697.264 
5784.257 
5827.37 
5912.843 
5997.325 
6101.56 
6163.384 
4.7 
3.1 
3.0 
3.8 
3.6 
3.6 
4.8 
4.9 
2.5 
4.3 
def. oop = deformation out-of-plane 
ipb = in-plane-bending 
stretch = stretching 
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Table 3.5 Observed frequency shift in 2,3,5-Tri-iodobenzoic acid in 
1,4-Dioxane. 
FTIR frequencies 
(cm-') 
FTIR 
frequencies in 
solvent (cm' ') 
Frequency 
-I 
shift (cm"') 
Mode 
3454 
3285 
3122 
3062 
3022 
2932 
2705 
2637 
2546 
2364 
2341 
2114 
1955 
1807 
1785 
1711 
1568 
1542 
1518 
1407 
1397 
1375 
1359 
3414.2 
1716.0 
1559.0 
1536.2 
1512.1 
1428 
1384.2 
39.8 
2938.1 
2752.9 
2564.71 
2352.9 
2329.4 
6.1 
47.9 
18.71 
11.1 
11.6 
5.0 
7.0 
6.2 
6.1 
21.0 
9.2 
0-H stretching 
C=0 stretching 
C-C stretching 
C-C stretching 
C-G stretching 
C-C stretching 
C-C stretching 
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Table 3.5 Continued 
1275 
1223 
1196 
1106 
1015 
1001 
899 
870 
836 
111 
721 
686 
676 
592 
507 
454 
1213.6 
1138 
1077.3 
881.4 
833 
750 
668 
524.4 
10.6 
58.0 
62.3 
18.4 
3.0 
29.0 
8.0 
17.4 
C-O stretching 
C-C i.p.b. 
C-C i.p.b. 
C-OH def o.o.p 
C-H o.p.b 
C-C o.p.b. 
C-C o.p.b. 
C-I streiciiiiig 
i.p.b. - in-plane bending, def. o.o.p - deformation out of plane bending, o.p.b. 
out-of-plane bending. 
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These t)ands are observed at 806 cm'' In Stoke's Laser Raman spectrum 
and in another Stoke's Laser Raman Spectrum this vibrations occurs at 
883 cm-' 
3.3.3 C-C stretching vibrations - Amongst the C-C ring stretching 
frequency of benzene, the ring breathing vibration aig(991 cm"') 
undergoes some change in its magnitude whereas other frequencies 
are affected slightly upon the substitution. The magnitude of ring 
breathing frequency in the substituted benzene remains near about 
1000 cm''. In the present case a frequency observed at 1001 c m ' has 
been assigned as ring breathing vibration in FTIR spectrum of 
compound. C-C ring breathing vibration occurs at 998 c m ' in 
Stoke's Laser Raman spectrum of the compound. 
The four characteristics stretching modes of C-C in benzene, namely 
e2g (1585 cm''), eiu(1485 cm' ') , bju (1310 cm'') and aig(991 c m ' ) . In 
the present case infrared bands appearing at 1010 cm' , 1568 cm \ 
1542 cm"', 1518 cm"', 1407 cm'' and 1397 cm'' have been assigned 
as C-C stretching frequencies for the present molecule in FTIR 
spectrum of compound. In the Stoke's Laser Raman spectrum these 
vibrations are assigned at 1407 cm'' and at 1551 cm' ' . A band 
observed at 1485 cm"' has been assigned to C-C stretching vibration 
in anti-Stoke's Laser Raman spectrum of the compound. 
3.3.4 C-C Ring Deformation Vibrations: The ring deformation 
frequencies in substituted benzenes are derived from e2g(606 cm ' ) . 
b2g(703 cm'') and e2u(405 cm"') modes of benzene. Modes e2g(606 
cm"') and e2u(405 cm"') are doubly degenerate while mode b2g(703 
c m ' ) is non-degenerate. Infrared frequencies at 1196 c m ' , 1106 
cm" and 1015 cm"' have been assigned as C-C deformation in plane 
and frequencies at 777, 721, 686 and 667 cm"' have been assigned as 
C-C deformation out of plane for the present molecule in FTIR 
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spectrum of compound. In the Stoke's Laser Raman spectrum these 
vibrations observed at 1111 c m ' and 1186 cm'' in-plane bending and 
at 689 cm"' out-of-plane bending vibration. But in anti-Stoke's Laser 
Raman spectrum the bands observed at 1013 cm"' and 1191 cm" have 
been assigned to C-C in-plane bending vibrations and a band at 784 
cm"' has been assigned to C-C deformation out-of-plane. 
3.3.5 C=0 stretching - Ketones are best characterized by the strong 
C=0 stretching frequency absorption near 1715 cm" . Ketone 
carbonyles between saturated hydrocarbon groups absorb strongly at 1725-
1705 cm*' in most case. In the present investigation the frequency 1711 
cm"' is assigned as C=0 stretching vibration in FTIR spectrum of 
compound. In the anti-Stoke's Laser Raman spectrum this vibration has 
been assigned at 1680 cm''. 
3.3.6 0-H Stretching. The OH group gives rise to three characteristic 
vibrations, stretching, in-plane bending and out-of-plane bending 
vibrations. 0-H stretching band is characterized by very broad strongly 
band appears near about 3400 cm''. In the present investigation, the strong 
broad band observed at 3454 cm'' is assigned to the 0-H stretching 
vibration in FTIR spectrum of compound. In the Stoke's Laser Raman 
Spectrum this vibration has been assigned at 3396 cm''. OH bending in 
plane occurs between 1440-1395 cm'' and out of plane bending occurs 
between 960-875 cm''. For the present molecule the frequency at 1375 
cm" is assigned to OH in plane bending vibration and frequency at 899 
cm" is assigned as OH out of plane bending vibration in FTIR spectrum of 
compound. In the Stoke's Laser Raman spectrum the bands at 806 cm"' and 
922 cm"' have been assigned to C-OH deformation out of plane and in anti-
Stoke's Laser Raman spectrum this vibration is observed at 921 cm"' C-O 
stretching vibration has been assigned at 1223 cm'' in FTIR and at the 
same frequency in anti-Stoke's Laser Raman spectrum of the compound. 
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3.3.7 C-I stretching vibrations In the present investigation, the bands 
appearing at 454, 507 and 592 cm'' are assigned to C-I stretching 
vibrations in FTIR spectrum of compound. Two bands at 451 cm' and 531 
cm' have been assigned to C-I stretching vibrations in Stoke's Laser 
Raman Spectrum of compound. These assignments are in agreement with 
the assignment of previous workers, Bellamy [35] has suggested that C-1 
stretching vibrations near 500 cm'' and Green [10] and Colthup [36] have 
also observed C-I stretching vibration around 500 cm'. 
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CHAPTER 4 
Electronic Spectra of Steroids and 2, 3, 5-Tri-iodobenzoic Acid 
4.1 INTRODUCTION 
The electronic spectra of benzene, iodobenzene and benzoic acid have been 
studied by several workers [1-4]. Friedel [1], in 1951. has reported the 
complete analysis of electronic spectrum of benzene. Three electronic bands 
have been observed corresponding to the electronic transitions {'A-^ LJ, 
( ' A - ^ ' U ) and ( ' A ^ ' B ) . These bands are situated at 2030A" 2560 A° and 
1800 A° respectively. Sponer [2] has suggested, from a consideration of 
spectra of various fluoro and trifluoro methyl-substituted benzenes, that the 
net affected of the substituents on the spectrum is a balance of opposing 
inductive and resonance effects. The inductive effect is one of electron 
withdrawal, presumely in the electronegativity order F>Ci>Br>i. The 
resonance effect is an electron release mechanism in the presumed order 
F>Cl>Br>I. Beringer [3] shown that iodobenzene have three electronic bands 
at 2070A°, 2260 A° and 2570 A° . Doub and Vandenbelt [4] have shown that 
in the electronic spectrum of 2-hydroxy benzoic acid, the secondarv band of 
benzene is displaced from 2560 A"" to 3030 A" , while the 2030 A"" band is 
displaced to 2370 A° . Until this study no attempt had been made to record 
the electronic spectra of 2, 3. 5-Tri-iodobenzoic acid and steroids 
4.2 EXPERIMENTAL PROCEDURE The steroids were obtained from 
Steroidal Research Laborator\ Department of Chemistr>', A.M.L .Aligarh and 
chemical 2,3,5-Tri-iodobenzoic acid was obtained from spectrochem (Pvt.) 
Ltd., Mumbai, India and were used as such. The electronic spectrum of 
2,3,5,-Tri-iodobenzoic acid in 1,4-Dioxane, 33-Tosyl Cholest-5-ene in 
methanol and 3(3-hydroxy-5|3-methyl-19-nor.stigmast 9(10)-en-6a-ol m 
chloroform in the Chemistry Department A.M.U Aligarh on computerized 
Cintra-5-UV-visible double beam spectrometer, GBC scientific equipment 
{P\4.) Ltd., Australia. 
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All the above electronic spectra were recorded in ultraMolct region 
2()()0-4000A°. The \arious electronic bands ha\e been obsci\cd and llic\ 
ha\e been assigned to \arious electronic transitions consideriiii: tiic 
ground electronic state and excited electronic state Tlic tiaces o1' 
electronic spectra are predicted in Figures 4.1- 4.3. 
4.3 RESl LTS AND DISCISSIONS Electronic spectra of abo\e 
compounds show some discrete electronic transitions which are assigned 
in terms of electronic energy le\els of the molecules. Assignments of 
obser\ed electronic bands and their \ibrational structure are presented m 
tables 4.1-4.3. 
Three electronic bands have been observed corresponding to the 
electronic transitions (''.-X^'La). ( 'A->'Lb) and ( ' .A^ B) m the 
electronic spectrum of 2.3.5-Tri-iodobenzoic acid These bands are 
situated at 2500A". 3030A"' and 2080A° respectiveK Along with 
these electronic bands we ha\e also observed C-0 st ieuhing occurs 
at 118-' cm"'. C = O stretching occurs at 1666 cm . C-C ring 
breathing vibration occurs at 984 cm"'. 0-H stretching occurs at 
3359 cm"' and C-H stretching occurs at 2967 c m ' . Tlie above all 
vibrations occur at lower frequency since these are the excited state 
vibrations. Electronic energ\ level diagram with their vibrational 
energy levels of 2.3,5-Tri-iodobenzoic acid and benzene are shown 
in the Fiuure 4.7 and 4.6. 
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Table 4.1 Assignment of observed electronic bands and their 
vibrational structure for 2,3,5-Tri-iodobenzoic acid. 
Wave 
length in A** 
2030 
2080 
2110 
2220 
2280 
2320 
2360 
2400 
2440 
2500 
2520 
2530 
2580 
2660 
2750 
2780 
2810 
2870 
3030 
3060 
3090 
3210 
wave number 
in cm"' 
49245.235 
48061.611 
47378.355 
45031.029 
43846.113 
43090.212 
42359.930 
41653.987 
40971.186 
39987.947 
39670.604 
39513.814 
38748.091 
37582.804 
36352.888 
35960.611 
35576.710 
34832.982 
32993.696 
32670.241 
32362.459 
31143.651 
Absorbance 
0.20 
0.32 
0.3263 
0.1405 
0.1375 
0.16 
0.1405 
0.12 
0.1498 
0.1617 
0.16 
0.12 
0.16 
0.12 
0.1536 
0.1536 
0.16 
0.20 
2.1549 
1.9567 
1.92 
1.432 
Difference 
0+1184 
( • B ) 
0+7391 
0+5044 
0+3859 
0+3103 
0+2372 
0+1666 
0+984 
('La) 
0+6677 
0+6520 
0+5755 
0+4589 
0+3359 
0+2967 
0+2583 
0+1839 
('Lb) 
0-323 
0-631 
0-1850 
Assignment 
C-O stretching 
0+8x631 
0+2x1184 
C = 0 stretching 
C-C ring 
breathing 
vibration 
0 -H stretching 
C-H stretching 
C-C o.p.b. 
Transition 
in Piatt's 
notation 
'B^'A 
'La<-'A 
'Lb<-'A 
O.p.b. out-of-plane bending. 
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Table 4.2 Observed electronic bands for 3p-hydroxy-5P-methyl-19-nor-
stigmast 9(10) -en-6a-ol in chloroform 
Wave length 
A° 
1920 
2170 
2840 
Wave number 
cm'' 
52083.333 
46068.501 
35200.918 
Absorbance 
0.9847 
2.0148 
0.25 
Electronic 
band 
'B 
'La 
Transition in 
Platts notation 
' B ^ ' A 
'U-e-'A 
Table 4.3 Assignment of observed electronic bands and their vibrational 
structure of 3P-Tosyl Cholest-5-ene in methanol 
Wave 
length A° 
1890 
2050 
2100 
2110 
2150 
2420 
2470 
2480 
2520 
2620 
2730 
Wave 
number cm' 
52910.052 
48764.859 
47603.938 
47378.355 
46496.999 
41309.766 
40473.597 
40310.408 
39670.604 
38156.554 
36619.195 
Absorbance 
0.1485 
0.0765 
0.0485 
0.0571 
0.0771 
0.0828 
0.0857 
0.207 
0.198 
0.286 
0.1566 
Difference 
0+4146 
'B 
0+7293 
0+7068 
0+6186 
0+999 
0+163 
•u 
0+1514 
'U 
0+1537 
Assignment 
C-H o.p.b 
C-C stretch 
C-C stretch 
Transition in 
Platts notation 
' B < - ' A 
Lg^— Ag 
' U ^ ' A 
o.p.b out- of- plane bending 
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In the electronic spectrum of 3(3-Tosyl Cliolcsi 5-cnc the ;ibo\e 
electronic bands ha\e been observed at 2480A\ :b2(' A and 2050 
A'' respectively. In the electronic spectrum of ;^[^-h\ dro\\-5^)-
niethyl-19-iior. stiumast 9 ( 10)-en-6a-ol the Iwo baiuls ha\c been 
observed corresponding to the electronic transitions ( \ ^ 1 ,,) and 
( ' A - > ' B ) . These bands are situated at 2 r ( i A and 1920A 
respectively. 
Due to the higher resolution of the UV-visible spectrophotometer, 
other bands have been observed along with the electronic bands. 
These remaining bands have been identified as the Mbrational 
structure of the corresponding electronic bands. \ 'ibrational structure 
inNolves the excited state vibration of the molecule for differeni 
electronic transitions. Some prominent excited state \ibrations ha \e 
been identified taking the help of the ground ^tate \ ibrations 
observed in FTIR spectrum of the same compound 
4.4 Description of IN -visible Double Beam spectrophotometer has 
been <iiven in Table 4.4. 
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Instrument Specifications 
I t ini 
MonochriMiKii' i 
Spcciral BaiuK'. icllli 
\\a\cloni:th Flange 
Wavclonglii Sciahiliu 
W'axelcnglh Acciirac\ 
\\a\clength RcprtHliicahilii\ 
Phoinmeiric M^Hic 
Phouimclnc Range 
Pluuonictric A^^ui.k} 
i^holomctnc Rcpioducabiliu 
Photometric Drift 
Instrument Noise 
Baseline Flatness 
Siia> Light 
Wavelength Sicu Speed 
Wavelength Sean Speed 
Kinetic Sampling Interval 
Light Source 
Light Source Switching 
Detector 
Displa\ 
Sample Compartmeiii 
Dimensions 
Pouer Source 
Di'scription 
DiHihlc-IkMin ("'I' ariangL'iiiciu \\\v^ i io l i 'g i . iphu diMi.k-
gi a lmg 
v . : . ( l m i l 
1^)0-1 100 nm 
(11 nm mcrement 
iiK3 nm lASTM melluui fiL:~5-N' 
0.1 nm (ASTM method #n:75-S:^ 
Absorhance and 9'rTransmitiancc 
.11 _i~-_ ;.()()() A; 0-300 M 
-d ()().; A; ±0.5 ' i'\ (0.000-1,000 A 
o.oo: A. 0.3 '<T (0.000-1.000 A 
-0.001 A/hr 
<0.00()9 A 
rt 1.005 .A 
<n.(i,s ^iT (ASTM method -E3S--~: i 
MiOO nm/min (lull wavelength range > 
W1-3 200 nm/mm 
0.5 s. 1 s. b s. 30 s and 60 s 
Deuieriuni Lamp. Tungsten-Halogen Lamp 
.Auiomatie 
Lser-selectable in the range 320-360 nm 
Dual Silicon Photodiode Detectors 
21.5 cm Backlit Liquid C'lAstal Dispjav iLCDi 
100 mm beam spacing 
(W 112.5 cm X (L)21.5 cm \ (HiL^- cm 
(\ \ i M cm ,\ (L)52 cm \ (H)24 cm 
1 IOor22() VAC. 50/60 H/ 
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LENS DETECTORS 
Sample compartment of UV-visible double beam spectrophotomet 
P"^ . 4.5-
er. 
Ci- i i r . i •:• ''^ir?-.r. • ' .M-i , . . i i 
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SCOPE OF THE WORK 
FTIR and Laser Raman Spectra of organic compounds reported 
in the M.Phil dissertation provide the elementary approach to 
identify the various complicated molecular vibrations of the complex 
organic molecules. The above spectra should again be recorded in 
vapour phase. In this case, the rotational band contours will be 
resolved. The analysis of the rotational band contours will provide 
the clue for exact symmetry of the molecular vibration. This analysis 
will confirm our vibrational assignment Laser Raman spectra should 
be recorded in parallel and perpendicular polarizations and the 
intensities of the vibrational bands will be determined. The ratio of 
the intensities of the two bands in perpendicular and parallel 
polarization will give the value of depolarization ratios of the 
vibrational bands. These values of the depolarization ratios will 
confirm the vibrational assignment. Symmetric and asymmetric 
nature of the molecular vibrations will be confirm on the basis of the 
values of depolarization ratios. Normal coordinate analysis of the 
vibrations of the organic compounds will be done to calculate the 
various normal modes of vibrations. Theoretically calculated 
vibrations will be compared with the observed vibrations in infrared 
and Raman spectra of organic compounds. Various force constants 
obtained in the normal coordinate analysis will provide the strength 
of the vibrations. 
Intensities of the molecular bands observed in the infrared and 
Raman spectra of the organic compounds will tell us about the 
associated change in dipole moment of the complex organic 
molecules. Intensity data are very important to know the physical 
parameters e.g. the dipole moment, charge distribution and change in 
internuclear distance of the molecules. 
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Thermodynamic quantities of the organic molecules will be 
calculated with the help of the molecular vibrations observed in 
infrared and Raman spectra of the compounds. These data are 
important due to fact the they give the change in molecular structure 
with respect to the change in temperature of the molecules. 
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